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OFFICE  OF  THE  DIRECTOR 
DIVISION  OF  CANCER  RESEARCH  RESOURCES  AND  CENTERS 

Thomas  J.  King,  Ph.D.,  Director 
HISTORY  AND  CONTENT  OF  PROGRAM 

The  Division  of  Cancer  Research  Resources  and  Centers  (DCRRC)  administers 
research  programs  that  encompass  the  full  scope  of  laboratory  and  clinical 
cancer  investigation,  training,  and  education  programs  that  develop  the 
research  and  clinical  personnel  needed  for  the  National  Cancer  Program, 
and  a  centers  program  that  develops  organizational  resources  and  facilities 
to  enhance  the  Nation's  cancer  research  and  control  efforts.  The  Division 
emphasizes  meritorious  and  significant  cancer  research,  resource,  and  man- 
power initiatives  conceived  and  promulgated  by  investigators  outside  the 
federal  establishment.  The  research  initiatives  include  cancer  epidemi- 
ology, chemical  and  viral  carcinogenesis,  tumor  biology^  radiation  biology, 
immunology,  diagnosis,  drug  development,  and  cancer  therapy. 

The  Division's  National  Organ  Site  Programs  support  targeted  research  on 
bladder,  large  bowel,  prostatic,  and  pancreatic  cancer.  The  Division  ful- 
fills its  research  and  clinical  personnel  development  responsibilities  by 
making  Research  Career  Development  Awards,  by  awarding  grants  in  the  Clini- 
cal Cancer  Education  Program,  and  by  providing  National  Research  Service 
Awards  for  individual  fellowships  and  for  institutional  programs.  The 
Division  addresses  its  responsibility  in  resource  development  by  providing 
core  support  in  Comprehensive  Cancer  Centers  and  in  other  centers  of  excel- 
lent cancer  research  by  supporting  exploratory  and  planning  efforts  and  by 
providing  grants  for  constructing  laboratory  and  clinical  cancer  research 
facilities. 

Research: 

The  allocation  of  resources  to  support  regular  research  grants  and  program 
project  grants  attests  to  the  National  Cancer  Institute's  recognition  of 
unfettered  scientific  thought,  independently  conceived  initiatives,  and 
individually  planned  and  executed  inquiry  as  most  important  elements  of  the 
National  Cancer  Program.  Through  the  award  of  these  grants,  the  Division 
of  Cancer  Research  Resources  and  Centers  emphasizes  the  value  of  intellec- 
tual contributions  and  unrestricted  scientific  endeavors  of  the  Nation's 
scientists.  Thus,  within  broad  program  guidelines,  the  Division  draws  upon 
the  independent  ideas  embodied  in  unsolicited  research  proposals  from  inves- 
tigators who  represent  the  entire  range  from  new  scientists  in  the  field  to 
recognized  authorities  in  all  aspects  of  investigative  oncology.  Aided  by 
peer  evaluation  of  detailed  proposals  in  every  field  of  cancer  inquiry,  the 
Division  supports  research  deemed  most  outstanding  in  regard  to  its  signif- 
icance for  cancer,  its  conceptual  base,  its  design,  and  its  probable  success. 

This  selection  procedure,  which  is  the  mainstay  of  the  Division's  programs, 
constitutes  the  most  sophisticated  planning  and  implementing  process  avail- 
able to  the  cancer  effort.  It  begins  with  the  broadest  possible  intellec- 
tual input  and  identifies  and  supports  the  ideas  and  approaches  most  likely 
to  contribute  to  understanding  or  to  managing  cancer.  This  process  is  in 


a  constant  state  of  reassessment  in  that  it  continually  receives  and  eval- 
uates new  inputs  which,  in  turn,  are  constantly  influenced  by  the  results   / 
of  current  research. 

Organ  Sites: 

The  Division's  National  Organ  Site  Program  also  leans  heavily  on  the  ini- 
tiatives of  the  Nation's  scientists.  More  than  any  other  targeted  effort 
of  the  Institute,  the  National  Organ  Site  Projects  look  to  non-Federal 
scientists  for  organized  research  endeavors.  While  administrative  aspects 
are  still  evolving,  the  National  Bladder,  Large  Bowel,  and  Prostatic  Cancer  ^ 
Projects,  are  successfully  underway.  The  start  of  the  National  Pancreatic 
Cancer  Project  was  slowed  by  budgetary  uncertainties  that  were  resolved 
very  late  in  the  fiscal  year. 

Clinical  Education: 

The  Clinical  Cancer  Education  Program  may  be  the  most  effective,  economical, 
and  efficient  provider  of  people  benefits  of  all  the  programs  within  NCI. 
By  supporting  improved  cancer  teaching  in  medical  school  curricula  and  in 
teaching  hospitals,  this  program  enhances  the  understanding  of  cancer  for 
graduating  M.D.'s.  Dental  students  learn  to  detect  cancer  and  to  provide 
proper  dental  care  to  patients  undergoing  and  recovering  from  cancer  therapy. 
Even  for  students  who  are  not  influenced  to  choose  careers  in  cancer  research 
or  cancer  care,  the  program  instills  a  better  understanding  of  cancer  than 
standard  curricula  provide.   It  will  result  in  early  cancer  detection,  im- 
proved diagnosis,  timely  referrals,  and  enhanced  care  during  followup  and 
rehabilitation.  The  program  aims  to  provide  a  new  generation  of  academicians 
and  practitioners  far  better  prepared  than  their  predecessors  to  provide 
Americans  with  proper  cancer  care  and  treatment. 

Research  Manpower: 

The  Division  develops  cancer  research  talent  through  the  support  of  insti- 
tutional and  individual  fellowship  and  research  career  development  awards. 
Through  these  awards  the  NCI  provides  research  training  in  epidemiology, 
carcinogenesis,  viral  oncology,  immunology,  tumor  biology,  radiation,  drug 
development,  and  chemotherapy.  Once  again  these  Research  Manpower  programs 
are  subject  to  disruption  and  instability  generated  by  delayed  legislative 
authority,  changing  policies,  and  uncertain  fiscal  support.  NCI,  along 
with  all  of  the  NIH,  entered  the  last  quarter  of  FY  1976  without  renewed 
legislative  authority  and  without  an  appropriation  for  institutional  and 
individual  fellowship  programs. 

Centers: 

The  Centers  Program  devoted  a  great  deal  of  effort  during  the  year  to  de- 
veloping methods  for  evaluating  comprehensive  cancer  centers.  The  staff 
also  reviewed  and  revised  guidelines  for  applicants  and  for  reviewers  of 
applications  for  center  support  (Core)  grants.   In  April  1975,  the  Ohio 
State  University  Cancer  Research  Center  was  recognized  as  a  Comprehensive 
Cancer  Center.  Thus  15  Comprehensive  Cancer  Centers  have  been  recognized 
since  passage  of  the  National  Cancer  Act  of  1971.  Three  Institutions  were 
deemed  Comprehensive  before  the  Act.  The  18  recognized  Comprehensive  Can- 
cer Centers  now  include: 


The  University  of  Texas 
System  Cancer  Center 

Roswell    Park  Menrarial    Institute 

Memorial   Sloan-Kettering 
Cancer  Center 

Sidney  Farber  Comprehensive 
Cancer  Center 

Johns  Hopkins  Oncology  Center 

Duke  University  Comprehensive 
Cancer  Center 

University  of  Alabama 
Comprehensive  Cancer  Center 

University  of  Wisconsin 
Clinical   Cancer  Center 

Fred  Hutchinson  Cancer 
Research  Center 

University  of  Southern  Cali- 
fornia/LAC  Cancer  Center 

Comprehensive  Cancer  Center  of 
the  State  of  Florida 

Mayo  Comprehensive  Cancer  Center 

Yale  University  Comprehensive 
Cancer  Center 

Georgetown  University/Howard 
University  Comprehensive 
Cancer  Center 

Illinois  Cancer  Council 

Colorado  Regional   Cancer  Center,   Inc. 

The  Fox  Chase  Cancer  Center 
(University  of  Pennsylvania) 

Ohio  State  University  Cancer 
Research  Center 


Houston,  Texas 

Buffalo,   New  York 
New  York,  New  York 

Boston,  Massachusetts 

Baltimore,  Maryland 
Durham,  North  Carolina 

Birmingham,  Alabama 

Madison,  Wisconsin 

Seattle,  Washington 

Los  Angeles,   California 

Miami,   Florida 

Rochester,  Minnesota 
New  Haven,  Connecticut 

Washington,  D.C. 

Chicago,   Illinois 
Denver,  Colorado 
Philadelphia,  Pennsylvania 

Columbus,  Ohio 


CREG:  ^ 

The  Division  coordinated  the  development  of  guidelines  and  continues   to  ^ 

coordinate  the  implementation  of  Cancer  Research  Emphasis  Grants   (CREG). 
DCRRC  supplies  NCI's   liaison  with  NIH  and  the  Division  of  Research  Grants 
and  provides   grants   management   for  CREG.      CREG  is    used  to  promote  and  sup- 
port research   identified  and  described  in  public  announcements   by   the 
National   Cancer  Institute.     Announcements  designate  the  research  desired, 
but  approaches  and  methodology  are  left  to  the  creativity  of  the  extramural 
scientists  who  apply.      In  March     1976,   the  National    Cancer  Advisory  Board 
considered  the  first  162  CREG  applications,  of  which  43.8%  were  approved.  ^ 

The  following  table  summarizes   CREG  awards   in   FY   1976. 

CREG  FY   1976 

NCI  Division  Number  of  Grants  Total   Costs 

(Thousands  of  Dollars) 

DCBD  6  469 

DCCP  28  1,871 

DCT  _6  284 

Total  40  2,624 

Organization  Changes: 

In  FY  1976,  responsibility  for  administering  and  for  review  of  grant-supported      % 

cooperative  clinical    groups  was   transferred  from  the  Division  of  Cancer 

Research   Resources   and  Centers   to   the  Division  of  Cancer  Treatment. 

Responsibility  for  administering  the  Cancer  Control    Grant  Review  Committee 

was   transferred  to  the  Division  of  Cancer  Control   and  Rehabilitation. 

Budget: 

Once  again  budget  allocations  were  delayed  until   mid-March.      Thus,   the 
availability  of  funds  was   not  clarified  until    three  quarters  of  the   fiscal 
year  were  almost  over.      Furthermore,   the  budget  process   imposed  fiscal 
uncertainties   disproportionately   upon   the  grants   programs  of  NCI.      The 
instability  visited  upon   grantees   and  the   resulting   impairment  of  the  Nai.i-.n's 
most  important  cancer  efforts   cannot  be  measured. 


When  the  allocations  were  finally  made,  the  funds  available  to  support  the 
programs  of  DCRRC  through  June  30,  1976  amounted  to  $323,978,000.  The  dis- 
tribution of  those  sums  is  as  follows: 

FY  1976  BUDGET  DISTRIBUTION 
(Thousands  of  Dollars) 

Program  Total  Costs 

Traditional  $129,011 

Scientific  Evaluation  860 

TOTAL  REGULAR  PROGRAM  $129,871 

Core  36,893 

Exploratory  2,701 

TOTAL  CENTERS  SUPPORT  39,594* 

Program  Projects  87,518 

Radiation  Development  4,000 

RCA  282 

RCDA  2,958 

TOTAL  CAREER  PROGRAMS  3,240 

Bladder 
Large  Bowel 
Prostate 

Pancreas  

TOTAL  ORGAN  SITE  14,100 

Clinical  Education  7,492 

Fellowships  12,840 

Graduate  Training  3,600 

Clinical  Training  1 ,723 

TOTAL  TRAINING  5,323 

Construction  20,000 

TOTAL  DCRRC  $323,978 

*  Includes  $1,000  from  Cancer  Control. 
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With  the  funds  available,  the  Division  made  2,964  awards  and  554  supplements 
in  FY  1976.  The  following  table  shows  how  the  awards  were  distributed  among 
noncompetinq  projects,  competing  renewals,  new  projects, and  supplements. 
The  table  also  compares  the  amounts  requested  with  the  amounts  approved  and 
the  amounts  awarded. 
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Type  5 
(Non- 
competing) 

2161 

$208, 

,119 

2161 

$208,119 

2161 

$206,710 

0 

$  1, 

,409 

Type  2 

(Competing 

Renewals) 

503 

103, 

,126 

421 

54,984 

264 

43, 

.534 

157 

11: 

,450 

Type  1 
(New) 

2143 

265, 

,811 

1450 

118,970 

539 

50, 

,768 

911 

68, 

,202 

Type  3 
(Supplements) 

(489) 

20, 

,922 

(572) 

24,321 

(554) 

22, 

,966 

(18) 

1, 

,355 

Total' 

4807 

$597, 

,978 

4032 

$406,394 

2964 

$323,978 

1068  $82,416 

Staff: 

During  the  year,  32  people  left  the  staff  of  DCRRC.  Of  these,  seven  were 
transferred  when  responsibility  for  cancer  control  grants  review  was  trans- 
ferred to  the  Division  of  Cancer  Control  and  Rehabilitation  and  when  respon- 
sibility for  cooperative  clinical  investigations  was  transferred  to  the  Di- 
vision of  Cancer  Treatment.  At  the  close  of  the  fiscal  year,  DCRRC s  total 
staff  numbered  166. 


OFFICE  OF  PROGRAM  PLANNING 
John  T.  Kalberer,  Jr.,  Ph.D.,  Program  Planning  Officer 

The  Office  of  Program  Planning  is  located  in  the  Office  of  the  Director,  DCRRC, 
and  is  responsible  for  the  planning  and  evaluation  of  grant-supported  programs 
administered  by  the  Division. 

The  Office  of  Program  Planning  (OPP)  integrates  data  from  various  sources 
within  the  Division  in  order  to  establish  a  broad  overview  of  past  trends  and 
present  and  future  needs.  It  also  serves  the  National  Cancer  Institute  (NCI) 
as  a  whole  by  maintaining  a  close  working  relationship  with  the  Office  of 
Program  Planning  and  Analysis  (OPPA)  in  the  Office  of  the  Director,  NCI. 

To  help  fulfill  many  needs  of  the  Division,  the  OPP  administers  and  manages 
contracts  with  outside  firms  and  cooperates  with  the  OPPA  in  several  other 
contract-supported  studies.  Some  tasks  accomplished  with  the  aid  of  these 
contracts  follow. 

The  OPP,  in  conjunction  with  the  Radiation  Program,  administered  a  contract 
with  WSA  Inc.  to  study  all  aspects  of  equipment  development  in  the  field  of  ra- 
diation therapy.  Upon  completion  of  this  contract  the  following  three  excel- 
lent reports  were  submitted  to  DCRRC:  (1)  Summary  of  Physical  and  Operational 
Characteristics  of  Megavoltage  Radiation  Therapy  Equipment,  (2)  Review  of  Pro- 
jected Operational  Characteristics  of  Equipment  for  High  LET  Radiation  Therapy 
Clinical  Service,  (3)  High  Energy  Neutron  Radiation  Therapy  Equipment  for  Rou- 
tine Clin'ical  Use. 

The  OPP,  in  conjunction  with  the  Cancer  Centers  Branch,  continues  to  study  some 
of  the  factors  necessary  for  an  effective  and  efficient  Cancer  Centers  Program. 
With  the  help  of  a  contract  with  JRB  Associates,  an  extension  of  a  previous 
study  on  possible  Cancer  Center  locations  was  completed.  The  new  study  ana- 
lyzed the  effects  of  the  following  three  factors:  accessibility  of  community 
physicians  to  cancer  centers;  physicians'  access  to  medical  schools  which  are 
part  of  existing  centers  or  may  be  a  part  of  a  center  in  the  future;  and  pop- 
ulation access  to  hospital  beds. 

A  continuing  contract  with  CDP  Associates  for  program  planning  in  the  Cancer 
Centers  Program  called  for: 

•  identification  and  delineation  of  the  individual  steps  composing  an  eval- 
uation planning  process 

•  description  of  present  and  past  evaluation  and  review  processes  and  a  rec- 
ommendation of  how  these  relationships  can  be  upgraded 

•  identification  of  "urgent  issues"  that  require  immediate  analysis  and  de- 
scription of  the  potential  approach  to  resolve  each  issue 

t  a  summary  of  the  experiences  associated  with  the  coordination  of  this  plan- 
ning effort  and  a  recommendation  of  how  this  coordination  can  be  improved. 


RESEARCH  ANALYSIS  AND  REPORTING  BRANCH 

Harry  Y.  Canter,  Chief 


HISTORY  AND  CONTENT  OF  PROGRAM 

Under  the  recent  reorganization  of  the  Division  of  Cancer  Research  Resources 
and  Centers  (DCRRC),  the  Research  Analysis  and  Reporting  Branch  (RARE), 
formerly  the  Program  Analysis  and  Evaluation  Branch,  has  been  assigned  to 
the  Office  of  the  Director  of  DCRRC.  The  major  emphasis  of  the  Branch 
remains  the  scientific  analysis  of  all  programs  supported  by  DCRRC,  all  NCI 
contracts,  and,  to  a  limited  extent,  NCI  intramural  projects.  The  Branch 
serves  as  the  major  source  of  information  concerning  the  scientific  aspects 
of  NCI-supported  research  projects,  and  as  a  point  for  dissemination  of 
that  information  to  other  Divisions  of  NCl,  the  Office  of  Cancer  Communica- 
tions, the  NCI  Financial  Management  Branch,  the  NCI  Program  Analysis  and 
Formulation  Branch,  the  International  Cancer  Research  Data  Bank,  and  other 
NIH  organizations  such  as  the  Research  Documentation  Section  and  the  Research 
Analysis  and  Evaluation  Branch  of  the  Division  of  Research  Grants  (DRG)  ,  and 
other  NIH  Institutes. 

The  Branch  maintains  copies  of  grant  applications  and  contract  proposals  for 
active  projects,  progress  reports.  Study  Section  suimary  statements,  reprints 
of  published  grant-supported  papers,  and  documents  concerning  individual 
trainees,  fellows,  etc.  Administrative  data,  e.g.,  awarded  amounts,  active 
dates,  etc.,  are  maintained  in  order  to  indicate  program  emphasis  and  direc- 
tion. However,  it  is  the  scientific  research,  both  proposed  and  actually 
accomplished,  which  remains  the  major  concern  of  this  Branch. 

Pending  grants  and  contracts  are  reviewed  to  assure  that  there  is  no  duplica- 
tion or  overlap  between  these  two  forms  of  NCI  support.  The  new  Cancer 
Research  Emphasis  Grants  (CREG)  may  present  some  problems  because  of  possible 
overlap  if  an  investigator  has  all  three  forms  of  support  (grant,  contract, 
and  CREG).  However,  it  appears  that  most  of  the  CREG  work  was  formerly 
supported  by  contracts  and  will  not  overlap  or  duplicate  grant  support. 

Proposed  research  described  in  applications  of  awarded  grants  is  analyzed 
by  the  Branch's  scientific  staff,  indexed,  and  stored  in  computer-searchable 
form.  The  Smithsonian  Science  Information  Exchange  (SSIE)  abstracts  supplied 
by  the  applicants  are  also  stored  in  this  system  but  must  be  retrieved  by, 
for  example,  grant  number  or  principal  investigator's  name,  since  they  are 
not  directly  searchable.  The  NCI  grant  administrative  data  from  DRG's  IMPAC 
system  are  also  stored  in  the  Branch's  system  and  can  thus  be  linked  to  the 
scientific  data  in  various  combinations  to  produce  printouts  of  the  desired 
information  in  any  of  several  available  formats. 

Accomplished  research  conducted  under  the  various  grants  programs  of  DCRRC 
is  monitored  by  the  Branch  through  its  literature  surveillance  program. 
Each  issue  of  approximately  300  major  medical  and  scientific  journals  is 
scanned  to  produce  a  list  of  references  to  papers  resulting  from  NCI  grant- 


supported  research.  These  references,  supplemented  by  those  obtained  from 
reprints  submitted  by  grantees,  are  arranged  numerically  by  grant  number 
within  each  Program  Area  and  issued  monthly,  together  with  a  subject  index, 
as  the  NCI  Grant  Supported  Literature  Index.  The  Index  represents  the  most 
complete  record  of  accomplishments  of  the  total  extramural  research  programs. 
In  calendar  year  1975  approximately  3,900  articles,  representing  the  work 
of  8,603  individual  authors  and  acknowledging  NCI  grant  support  a  total  of 
5,832  times,  appeared  in  the  Index. 

Narrative  reports  on  selected  areas  of  cancer  research  are  prepared  by  the 
Branch  either  at  the  request  of  DCRRC  staff  or  on  the  initiative  of  Branch 
scientific  staff  members.  Two  reports  written  in  early  1975,  "The  Role  of 
Diet  in  Cancer  Therapy"  and  "Dietary  Factors  in  the  Etiology  of  Cancer," 
have  now  been  reproduced  over  500  times,  primarily  at  the  request  of  the 
new  NCI  Task  Force  on  Diet  and  Nutrition. 

PROGRAM  ACCOMPLISHMENTS 

In  April  1975,  the  Branch,  with  the  aid  of  the  NIH  Division  of  Computer 
Research  and  Technology  (DCRT),  began  automation  of  its  Scientific  Indexing 
System  for  funded  NCI  grants;  this  system,  which  now  contains  approximately 
one- third  of  the  active  grants,  is  replacing  the  edge-punch  card  system  which 
has  been  in  use  for  almost  20  years.  The  system,  which  is  used  to  respond 
to  queries  and  to  prepare  reports,  is  comprised  of  three  types  of  data: 
administrative  (from  DRG's  IMPAC  System),  scientific  indexing,  and  SSIE 
abstracts.  The  Branch  directly  supplies  only  the  scientific  indexing,  which 
is  obtained  by  analyzing  the  entire  grant  application.  Each  grant  is  indexed 
according  to  a  list  of  fixed  terms  compiled  by  the  Branch;  in  addition,  as 
many  as  60  other,  non-fixed  key  words  and/or  phrases  can  be  used  to  index 
each  grant,  thus  providing  a  specific  and  detailed  subject  analysis  of  the 
project. 

The  system,  now  termed  the  NCI  Grants  Information  Retrieval  System,  is  com- 
posed of  two  separate  files:  the  active  grants  file  and  the  inactive  grants 
or  history  file.  All  scientific  and  administrative  data  on  both  files, 
except  for  the  SSIE  abstracts,  are  searchable.  The  NCI  Grants  Information 
Retrieval  System  is  maintained  and  operated  solely  by  the  Branch,  which  is 
greatly  indebted  to  DCRT  for  their  help  in  developing  and  implementing  the 
system,  and  for  their  assistance  in  making  the  Branch  self-sufficient  in 
the  total  operation  of  the  system. 

DCRT  has  also  formulated  programs  to  permit  preparation  of  annual  cumula- 
tions by  subject,  grant  number,  principal  investigator,  grantee  "institution, 
and  author  for  the  references  cited  in  the  monthly  NCI  Grant  Supported 
Literature  Index.  They  have  also  written  a  retrieval  program  allowing  access 
to  the  total  Reference  Section  of  the  Index,  which  is  stored  on  tape. 

Several  subject  analyses  of  NCI-supported  research  were  prepared  by  the 
Branch  during  the  past  year;  these  included  such  topics  as  nucleoside 
research,  cell  kinetics,  genetic  recombinants,  and  the  etiology,  detection, 
and  treatment  of  brain  cancer.  One  of  the  most  extensive  analyses  involved 
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the  area  of  environmental  carcinogenesis.  This  was  requested  by  the  National 
Cancer  Advisory  Board  and  included  all  DCRRC-supported  projects  (research 
grants,  career  awards,  fellowships,  and  training  grants). 

Two  narrative  reports  were  prepared  during  the  past  year: 
The  Development  of  Chemotherapeutic  Drugs 
Chronobiology:  Its  Implications  for  Cancer  Research 

The  Branch  assisted  the  Cancer  Communications  Office  in  preparing  the  NCI 
Director's  Report  to  the  President  for  1976.  Members  of  the  staff  reviewed, 
selected,  and  reported  on  research  supported  by  NCI  in  all  basic  and  clini- 
cal disciplines  related  to  cancer. 

This  year,  for  the  first  time  since  1960,  this  Branch  did  not  prepare  a 
scientific  narrative  Appendix  to  the  DCRRC  Annual  Report.  Instead  each 
Program  Director  expanded  her/his  own  report  to  include  a  review  of  research 
published  during  the  past  year.  The  entire  report  has  been  edited  by  the 
Branch  staff.  It  is  hoped  that  the  new  format  will  provide  easier  access 
to  information  on  all  aspects  of  each  program  of  the  Division. 


PROJECTIONS 

It  is  anticipated  that  the  NCI  Grants  Information  Retrieval  System  will  be 
expanded  before  the  start  of  FY  1977  to  include  a  third  file,  consisting  of 
disapproved  and  approved-but-not-funded  grants.  This  file  will  contain  only 
administrative  data,  with  project  title  search  as  the  only  point  of  subject 
access.  A  similar  interim  file  will  be  set  up  for  active  contracts  until 
scientific  indexing  of  active  research  grants  has  been  completed.  When  the 
latter  has  been  accomplished,  comprehensive  scientific  indexing  of  the 
contracts  will  be  undertaken  according  to  the  format  now  used  for  grants 
(fixed  terms  plus  key  words  and/or  phrases). 

OTHER  ACTIVITIES 

The  Branch  maintains  regular  liaison  with  other  Divisions  of  NCI.  Extra 
copies  of  reprints  of  grantee  papers  are  sent  to  each  Division,  as  are  copies 
of  the  SSIE  abstracts  for  all  grants.  SSIE  abstracts  of  grants  concerned 
with  specific  research  areas  are  sent  on  a  regular  basis  to  NCI  staff  who 
have  requested  this  service. 

Staff  members  also  serve  on  Divisional  and  Institute  Committees  (e.g.. 
Steering  Committee  of  the  Breast  Cancer  Task  Force)  which  attempt  to  foster 
better  communication  concerning  NCI-sponsored  research  and  to  promote  re- 
search in  areas  judged  to  be  of  special  significance  to  the  National  Cancer 
Program. 
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REVIEW  AND  REFERRAL  BRANCH 

Thomas  J.  King,  Ph.D.,  Acting  Chief 

During  the  FY  76,  the  Review  and  Referral  Branch,  DCRRC,  was  responsible  for 
providing  the  merit  review  of  grant  applications  seeking  support  for  cancer 
research  program  projects,  comprehensive  and  specialized  cancer  centers, 
and  construction  projects.  The  Review  and  Referral  Branch  also  provided 
the  Division's  liaison  with  the  Referral  Branch  of  the  Division  of  Research 
Grants,  NIH,  as  well  as  the  referral  function  within  the  Division. 

The  Review  and  Referral  Branch  administers  and  staffs  two  multidisciplinary 
review  committees:  the  Cancer  Research  Centers  Review  Committee  (CRCRC) 
and  the  Cancer  Special  Program  Advisory  Committee  (CSPAC).  A  small  number 
of  applications  are  reviewed  by  ad  hoc  Special  Review  Committees  (SRC). 
This  is  usually  necessary  because  of  the  NIH  policy  prohibiting  a  Committee 
from  reviewing  a  proposal  from  one  of  its  members.  CRCRC  and  CSPAC  review 
grant  applications  for  program  projects,  centers,  and  construction.  The 
core  section  of  CRCRC  reviews  core  grafnt  applications  for  comprehensive 
cancer  centers  and  for  predominantly  clinical  specialized  centers  that  are 
developing  into  comprehensive  cancer  centers.  The  clinical  section  of  CRCRC 
reviews  applications  for  research  program  projects  with  predominantly 
clinical  emphasis.  CSPAC  reviews  core  grant  applications  and  research 
program  project  applications  that  empasize  laboratory  and  basic  research. 
During  FY  76,  these  committees  evaluated  141  of  these  complex  applications. 
The  number  of  applications,  the  dollars  requested,  and  dollars  recommended 
by  each  corrmittee  are  summarized  in  the  table  below. 

Recommended    Approval  Rate 


# 

i 

£ 

i 

# 

i 

CRCRC-Core 

29 

85,818,701 

22 

34,407,691 

76% 

40% 

CRCRC-Clinical 

44 

198,907,701 

31 

56,454,442 

70 

28 

CSPAC 

60 

127,081,046 

37 

37,307,193 

62 

29 

SRC 

8 

23,008,719 

_8 

9,481,241 

100 

41 

Total 

141 

434,816,167 

98 

137,650,567 

70% 

32% 

The  referral  responsibility  of  the  Review  and  Referral  Branch  is  illustrated 
by  its  activities  related  to  applications  received  for  review  by  the  National 
Cancer  Advisory  Board  in  March  1976.  Some  of  the  applications  assigned  to 
the  National  Cancer  Institute  were  "automatically"  assigned  to  particular 
programs  such  as  the  National  Organ  Site  Program,  the  Clinical  Cancer 
Education  Program,  and  the  Cooperative  Clinical  Investigations  Program. 
However,  a  total  of  777  applications  required  individual  assignment  to 
cancer  programs.  Of  this  total,  672  were  traditional  research  projects,  34 
were  research  program  projects,  seven  were  center  cores,  13  were  conferences. 
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and  51  were  research  career  development  awards.  In  addition,  for  the  first 
time,  173  applications  were  received  for  Cancer  Research  Emphasis  Grants 
(CREG).  These  applications  were  coordinated  with  the  Division  of  Research 
Grants  and  the  various  Cancer  Institute  Divisions  through  the  Review  and 
Referral  Branch  based  on  responsiveness  to  individual  CREG  announcements. 
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BIOLOGICAL  RESEARCH  PROGRAM 

Mary  A.  Fink,  Ph.D.,  Associate  Director 

The  Biological  Research  Program  of  the  Division  of  Cancer  Research  Resources 
and  Centers  of  NCI  is  comprised  of  the  programs  of  three  branches:  the 
Cause  and  Prevention  Branch,  made  up  of  programs  in  Chemical  Carcinogenesis, 
Viral  Oncology, and  Epidemiology;  the  Cancer  Biology  Branch,  comprised  of 
programs  in  Tumor  Biology  and  Immunology;  and  the  Organ  Site  Branch,  includ- 
ing programs  in  cancer  of  the  Large  Bowel,  Bladder,  Prostate,  and  Pancreas. 
Program  directors  are  encouraged  to  initiate  special  interest  groups  where 
many  program  directors  participate,  even  though  the  Division  has  no  formal 
program  director  in  that  area,  e.g.,  genetics  as  it  applies  to  cancer  is 
a  field  which  interests  the  program  directors  for  Tumor  Biology,  Immunology, 
and  Epidemiology. 

Program  directors  are  encouraged  to  maintain  program  balance  but  at  the 
same  time  to  develop  areas  that  have  been  ider>tified  as  being  of  special 
importance.  One  area  currently  receiving  Institute  emphasis  is  environ- 
mental carcinogenesis,  and  the  program  director  of  the  Carcinogenesis 
Program  is  vigorously  addressing  this  need. 

In  addition  to  relating  to  other  programs  within  the  Division,  many  of  the 
programs  participate  in  counterpart  contract  programs  in  other  divisions  of 
the  Institute.  For  example,  the  program  directors  for  Viral  Oncology, 
Carcinogenesis,  Immunology,  and  Epidemiology  regularly  participate  in 
contract  meetings.  The  Immunology  Program  also  cosponsors  an  annual  meeting 
in  which  individuals  holding  either  a  grant  or  contract  in  a  particular  area 
of  immunology  meet  together  to  discuss  the  current  research. 

The  Biological  Research  Programs  funded  13  conference  grant  applications 
in  FY  76,  In  addition,  two  productive  workshops—  one  on  the  Macrophage 
in  Tumor  Immunity  and  the  other.  Immune  RNA  in  Tumor  Immunity--  were  held, 
and  the  proceedings  of  each  will  be  published  in  1976  under  the  editor- 
ship of  the  Associate  Director  for  Research  Programs.  Also,  as  mentioned 
in  the  Immunology  report,  two  regional  conferences  were  held  for  promising 
young  investigators  in  an  attempt  to  attract  them  into  the  area  of  tumor 
immunology.  Program  directors  are  encouraged  to  identify  areas  where  in- 
creased communication  would  be  beneficial  and,  in  consultation  with  inves- 
tigators in  the  field,  develop  workshops  and  conferences  addressing  the 
most  pressing  needs. 
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V. 


TUMOR  BIOLOGY  PROGRAM 

Brian  W.  Kimes,  Ph.D.,  Program  Director 

HISTORY  AND  CONTENT  OF  PROGRAM 

The  Tumor  Biology  Program  was  created  in  March  of  1974  as  a  separate  program 
activity  within  the  Division  of  Cancer  Research  Resources  and  Centers.  The 
original  goal  was  to  establish  a  fundamental  understanding  of  living  systems 
which  potentially  could  be  used  to  enhance  the  overall  cancer  research  effort 
as  it  relates  to  etiology,  prevention,  diagnosis,  and  treatment  of  human  tumor 
growth  and  development.  Although  this  program  continues  to  support  a  compre- 
hensive spectrum  of  research  topics,  including  both  fundamental  and  compara- 
tive studies  in  histology,  pathology,  cell  biology,  embryology,  molecular  biol- 
ogy, biochemistry,  genetics,  and  developmental  biology,  a  greater  focus  in  its 
activities  is  emerging.  The  goals  of  this  program  are  to  promote  an  under- 
standing of  the  basic  processes  of  cancer  and  to  define  the  causative  events 
in  tumorigenesis  which  lead  to  and/or  are  responsible  for  disarrangement  of 
cell  topology  (loss  of  position  control),  persistent  growth  (loss  of  growth 
control)  and  invasiveness  (a  prerequisite  for  metastasis).  Major  emphasis 
areas  which  are  currently  in  progress  and  require  a  multidisciplinary  scienti- 
fic effort  include  the  following: 

(1)  the  mechanism(s)  and  regulation  of  cell  division; 

(2)  the  mechanism(s)  of  malignancy,  invasiveness, and  metastasis; 

(3)  factors  (whether  genetic,  hormonal,  etc.)  which  contribute  to  the  resis- 
tance and  susceptibility  to  cancer; 

(4)  the  mechanism(s),  regulation, and  control  of  macromolecular  biosynthesis 
and  degradation  (RNA,  DNA,  protein); 

(5)  the  mechanism(s),  regulation, and  control  of  synthesis  of  small  biomole- 
cules  (metabolism,  metabolic  pathways  etc.); 

(6.)  the  correlation  of  normal  and  abnormal  differences  in  cell  structure  and 

and  cojTiposition  to  function; 
"(7)  the  nature  of  cell-cell  communication  and  interactions. 

Fundamental  studies  supported  by  the  Tumor  Biology  Program  are  intended  to  elu- 
cidate the  nature  of  basic  processes  important  to  the  structure  and  function 
of  normal  and/or  eukaryotic  cells.  These  studies  need  not  specifically  involve 
tumor  tissues  or  tumor  systems  since  they  are  intended  to  develop  areas  of  in- 
vestigation with  an  identifiable  contribution  to  the  goals  of  cancer  research 
in  terms  of  concepts,  methodology,  technology, and/or  experimental  design. 
Comparative  studies  are  intended  to  define  cellular  processes,  structures,  and 
components  that  differ  between  normal  and  abnormal  states  of  growth,  between 
normal  tissues  and  their  neoplastic  counterparts,  between  nontransformed  and 
virally  transformed  cultured  cell  lines,  between  progressive  states  of  differ- 
entiation and  development,  and  between  different  phases  of  the  cell  growth 
cycle.  It  is  anticipated  that  these  latter  kinds  of  studies  will  provide  sub- 
stantive information  defining  specific  cellular  sites  of  action  and  molecular 
mechanisms  that  are  causal  to  tumor  growth  and  development  and  thus  lead  to 
practical  therapeutic  and  preventive  measures.  Furthermore,  differences  de- 
tected between  normal  tissues  and  their  neoplastic  counterparts  can  offer  po- 
tentially useful  and  economical  diagnostic  tools  to  the  medical  practitioner. 
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In  FY  1976,  the  Tumor  Biology  Program  consisted  of  365  traditional  research 
grants,  five  conference  grants  and  seven  program  project  grants  at  an  esti- 
mated expenditure  of  $26,023  million  distributed  as  follows: 

TABLE  A 

TOTAL  GRANTS  FUNDED  IN  FY  76 

TYPE  OF  GRANT  NUMBER  TOTAL  COSTS 


Traditional  Research  Grants 

New  (Type  1 ) 

Competitive  Renewals  (Type  2) 

Supplements  (Type  3) 

Continuing  Renewals  (Types  5,7) 

TOTAL 


63 
48 

(11) 
254 

365 


$  3,490,000 

3,840,000 

306,000 

15,410,000 

$23,046,000 


Conference  Grants 


$   140,000 


Program  Projects 

New  (Type  1 ) 
Continuing  Renewals  (Type  5) 

TOTAL 


$   143,000 
2,694,000 

$  2,837,000 


GRAND  TOTAL 


377 


$26,023,000 


RESEARCH  ACCOMPLISHMENTS 

During  the  past  year,  significant  contributions  were  made  toward  elucidating 
the  molecular  basis  of  cellular  processes  and  control  mechanisms  which  influ- 
ence the  growth  and  differentiation  of  malignant  and  nonmalignant  cells. 

Membrane  Structure  and  Function: 

The  most  important  mammalian  cell  structure  involved  in  the  complex  interac- 
tions with  the  environment  and  with  other  cells  is  the  plasma  membrane  (i.e.  ,^ 
cell  surface  membrane).  Phenotypically,  changes  in  the  structure  and  composi- 
tion of  the  cell  membrane  may  account  for  all  three  basic  processes  character- 
istic of  malignant  tumor  cells:  loss  of  position  control,  loss  of  growth  con- 
trol, and  invasiveness.  A  revised  Fluid  Mosaic  Model  of  membrane  structure 
(Nicolson,  1975a, b)  not  only  emphasizes  the  dynamic  fluid  nature  of  the  plasma 
membrane  but  includes  new  facts  which  demonstrate  that  the  inner  surface  peri- 
pheral membrane  components  (Furcht  and  Scott,  1975)  and  membrane-associated 
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contractile  components  (Wickus  et  a1.,  1975;  Gruenstein  et  al . ,  1975)  provide 
two  additional  levels  of  membrane  organization  on  the  cytoplasmic  side  of  the 
plasma  membrane.  These  latter  classes  of  membrane  components  appear  to  exert 
control  over  topographical  distribution  and  mobility  of  cell -surface  compon- 
ents. For  example,  actin  associated  with  the  inner  surface  of  the  fibroblast 
cell  membrane  is  considerably  reduced  (30-50%)  after  transformation  by  Rous 
sarcoma  virus  (Wickus  et  al . ,  1975).  Because  this  transformation  is  also 
accompanied  by  changes  in  cell  surface  glycol ipids  and  glycoproteins  as  indi- 
cated by  lectin-mediated  agglutinability  of  cells  (Nicolson  et  al . ,  1975), 
turnover  of  phospholipids,  membrane  transport,  and  contact  inhibition,  it  may 
be  that  all  these  phenomena  are  related  to  membrane-associated  actin  which 
serves  as  a  major  factor  in  regulating  membrane  structural  rigidity.  This  new 
fact  may  be  of  vital  importance  in  understanding  malignancy,  as  changes  in 
membrane  rigidity  (i.e.  cell  deformability)  are  likely  to  be  a  major  factor 
contributing  to  invasiveness  and  metastasis.  Before  a  cell  can  be  metastatic 
by  entering  the  blood  stream,  it  first  must  become  invasive  and  migrate 
through  narrow  intercellular  spaces. 

In  order  to  understand  the  structure,  organization  and  biochemistry  of  the  sur- 
faces of  normal  and  tumor  cells  and  their  relationship  to  important  physiologi- 
cal processes,  a  number  of  different  experimental  approaches  are  required. 
Recently,  it  has  been  shown  that  increased  negativity  of  neuroblastoma  cell 
surfaces,  as  determined  by  electrophoretic  measurements,  is  clearly  associated 
with  cell  proliferation  rather  than  differentiation  (Elul  et  al . ,  1975).  Since 
glycoproteins  appear  to  contribute  significantly  to  this  negative  charge,  it 
has  been  of  interest  to  examine  the  biosynthesis  of  glycoproteins  by  using 
radioactive  fucose  as  a  precursor.  GDP-fucose  appears  to  be  the  only  soluble 
fucose  intermediate  in  the  cytoplasm  (Yurchenco  and  Atkinson,  1975)  and  newly 
synthesized  glycoproteins  containing  fucose  move  to  the  plasma  membrane  with  a 
transit  time  of  only  12  minutes  (Atkinson,  1975).  The  distribution  and  mobil- 
ity of  these  anionic  sites  on  the  fluid  surfaces  of  BHK  cells  appear  to  be  more 
localized  on  cell  surface  microextensions  when  measured  by  polycationic  ferri- 
tin binding  (Grunnel  et  al . ,  1975).  Yet,  the  mobility  of  these  sites,  espe- 
cially between  normal  and  transformed  cells,  does  not  appear  to  be  due  to  sig- 
nificant changes  in  fatty  acid  chain  flexibility  in  the  membranes  (Gaffney, 
1975).  A  significant  advance  has  occurred  in  the  isolation  of  Chinese  hamster 
ovary  cells  which  are  deficient  in  certain  plant  lectin-binding  sites  and  have 
decreased  amounts  of  sialic  acid,  galactose,  and  N-acetyl  glucosamine  in  their 
membranes  (Gottlieb  et  al . ,  1975).  It  is  now  possible  with  this  cell  line  to 
examine  what  effects  the  absence  of  certain  glycoproteins  have  on  such  proces- 
ses as  virus  infection,  cellular  aggregation,  tumorigenicity,  and  drug  sensi- 
tivity. While  the  interrelationships  of  these  observations  remain  unclear,  it 
is  essential  to  assess  the  role  of  surface  proteins  in  membrane  function  as 
well  as  in  the  regulation  of  DNA  synthesis  and  cell  proliferation  (Teng  and 
Chen,  1975). 

Cell-cell  interactions  and  cell-cell  communication  both  appear  to  be  important 
factors  that  change  when  a  cell  becomes  oncogenic.  It  has  been  pointed  out  by 
Steinberg  (1975)  that  many  of  our  current  concepts  of  cell  adhesion  are  based 
solely  on  common  chemical  mechanisms  and  do  not  take  into  account  physical  and 
thermodynamic  considerations,  which  can  be  equally  important  in  predicting 
cell-sorting  behavior.  Recently,  it  has  been  demonstrated,  using  gyratory 
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shaker  cultures  which  can  be  controlled  and  standardized,  that  embryonic  cell 
aggregation  can  be  significantly  reduced  (greater  than  22%)  in  the  presence  of 
a  proportionally  smaller  number  of  virally  transformed  3T3  cells  (Maslow  and 
Mayhew,  1975).  From  all  indications  these  effects  were  mediated  by  the  cell 
surface;  thus,  this  could  serve  as  a  sensitive  assay  for  investigating  the 
interaction  of  tumor  and  normal  cells.  A  protein-containing  molecule,  tera- 
toma cell  adhesion  factor  (TAF),  has  been  isolated;  it  mediates  cell-cell  ad- 
hesion in  mouse  ascites  teratoma  cells  (Oppenheimer,  ''975).  Whether  this  fac- 
tor has  a  more  universal  effect  is  unknown,  but  it  has  been  determined  that  a 
galactose-containing  carbohydrate  in  TAF  has  aggregation  promoting  activity. 

More  information  on  how  direct  cytoplasmic  communication  between  adjacent  cell 
interiors  occurs  through  gap  junctions  continues  to  accumulate  (Johnson  et  al., 
1975;  Ito  et  al.,  1974a, b).  Some  low  resistance  coupling  (presumably  due  to 
gap  junction  formation)  is  observed  as  early  as  eight  to  14  minutes  after  cell 
contact,  and  by  60  minutes  numerous  fully-developed  structural  gap  junctions 
appear.  Unfortunately,  very  little  is  being  done  to  isolate  these  structures 
and  directly  determine  their  effects  on  homeostasis  and  the  regulation  of 
growth  and  differentiation. 

Control  of  G ene  Expression : 

While  many  of  the  phenotypic  properties  of  malignant  and  benign  tumors  are  in- 
directly associated  with  membrane  properties,  ultimately  oncogenicity  must 
arise  because  of  a  change  in  the  expression  of  the  native  genetic  material 
(e.g.  by  mutagenesis,  by  "turning  on"  of  a  masked  gene)  or  because  of  the  pre- 
sence of  foreign  genetic-material  (e.g.  viral  transformation).  These  changes 
in  expression  could  occur  at  the  level  of  replication,  transcription,  transla- 
tion and/or  translocation.   In  the  mouse  myeloma  cell  lines,  giesma-banding 
techniques  have  revealed  the  possibility  that  loss  of  oncogenicity  could  be 
due  to  chromosome  rearrangements  or  the  presence  of  additional  heterochromatin 
(Shepard  et  al.,  1974).  While  these  studies  do  not  eliminate  a  more  complex 
balance  of  chromosome  functions  as  responsible  for  loss  of  oncogenicity,  it  re- 
mains essential  to  identify  those  chromosomes  and  eventually  those  specific 
genes  which  are  responsible  for  tumorigenesis  and  which  distinguish  benign  and 
mal ignant  eel  Is. 

There  appear  to  be  many  different  mechanisms  by  which  the  transcription  of  DNA 
sequences  in  chromatin  into  complementary  RNA  sequences  can  be  controlled. 
The  highly  basic  histone  proteins  which  are  bound  to  DNA  in  eukaryotic  cells 
are  not  present  in  sufficient  variability  to  have  specific  effects  on  all  genes, 
However,  they  clearly  serve  a  more  general  role  in  regulating  gene  expression, 
possibly  by  altering  chromosome  structure  for  entry  of  RNA  polymerase.  Careful 
techniques  have  been  developed  which  confirm  that  the  distribution  of  histones 
on  replicating  chromosomes  is  entirely  random  (Jackson  et  al.,  1970)  and,  fur- 
thermore, through  fixation  of  the  chromatin  complex  with  formaldehyde  and  glu- 
taraldehyde,  that  these  histones  are  organized  as  fairly  extensive  linear  over- 
lapping arrays  (Chalkley  and  Hunter,  1975).   But  what  role  do  chemical  modifi- 
cations (i.e.  acetylation,  phosphorylation,  methylation)  of  nucleoproteins 
serve  in  gene  expression?  Studies  continually  suggest  that  these  modifications 
are  closely  correlated  with  the  replicating  state  of  tumor  cells  (Lee  et  al., 
1975;  Smoron  et  al.,  1975;  Balhorn  et  al.,  1975).  Yet  the  true  biological 
functions  of  histone  modifications  can  be  explained  in  at  least  three  different 
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ways:  (a)  gene  activation,  (b)  histone  deposition,  and  (c)  chromosome  conden- 
sation. Recent  evidence  suggests  that  (b)  is  important  (Jackson  et  al . ,  1975). 

The  non-histone  proteins  associated  with  the  DNA  in  chromatin  appear  to  have 
the  variability  required  for  specific  gene  control.  Recently,  a  special  class 
of  nonhistone  protein  has  been  identified  which  is  very  tightly  complexed  to 
the  DNA  in  regions  that  are  inactive  in  transcription  (Pederson  and  Bhorjee, 
1975).  It  will  be  interesting  to  determine  the  specific  physiological  role 
that  these  proteins  serve  in  gene  expression,  if  any,  and  determine  the  DNA 
sequences  with  which  they  are  associated.  In  addition  to  non-histone  proteins, 
attention  has  been  redirected  toward  low  molecular  weight  RNA  species  in  chrom- 
atin as  having  the  necessary  diversity  to  function  as  specific  gene  regulators 
(Marzluff  et  al . ,  1975). 

A  novel  modification  of  both  histone  and  non-histone  proteins,  which  could 
easily  have  an  influence  on  both  replication  and  transcription,  is  poly  ADP- 
ribosylation.  Furthermore,  this  may  be  a  major  route  by  which  phosphate  is  in- 
corporated into  nuclear  proteins.  This  process  requires  both  DNA  and  histones 
(and  possibly  non-histones) ,  which  appear  to  act  in  a  synergistic  manner,  and 
parallels  the  rate  of  DNA  synthesis  in  the  HeLa  cell  cycle  (Robert  et  al . , 
1975).  It  is  clear  that  the  degree  of  complexing  between  DNA  and  chromosomal 
proteins  and  the  ability  of  poly  ADP-ribosylation  of  nuclear  proteins  to  re- 
lease this  template  restriction  and  expose  DNA  primer  sites  change  considerably 
during  the  growth  cycle  (Smulson  et  al.,  1975). 

A  number  of  studies  have  pointed  to  an  important  role  for  cAMP  and  cGMP  in  ma- 
lignancy. Recently,  it  has  been  demonstrated  that  cAMP  levels  change  signifi- 
cantly in  preneoplastic  states  of  the  thymus  (Kemp  et  al . ,  1975)  and  that  cAMP 
has  a  marked  effect  on  stimulating  DNA  synthesis  in  liver  (Short  et  al.,  1975). 
It  has  been  suggested  that  malignancy  per  se  is  associated  with  a  low  effective 
level  of  cAMP,  which  is  a  function  not  only  of  cAMP  concentration  but  also  of 
the  level  of  the  various  proteins  which  bind  cAMP  and  of  the  activity  of  its 
antagonists  such  as  cGMP  (Goldberg  et  al . ,  1975).  There  is  increasing  evi- 
dence that  all  cAMP-mediated  changes  of  metabolic  activities  involve  the  phos- 
phorylation of  enzymes  and  other  key  proteins.  Results  disclosed  by  Farron- 
Furstenthal  (1975)  provide  evidence  that  a)  actively  growing  tissues  contain  a 
higher  percentage  of  their  total  protein  kinase  activity  in  the  nucleus  than 
the  parent  nongrowing  organ,  and  that  b)  the  cytoplasmic  protein  kinase  in 
hepatoma  and  fetal  liver  is  less  sensitive  to  regulation  by  cAMP  than  it  is  in 
adult  liver.  In  any  case,  it  remains  important  to  determine  how  and  where 
these  cyclic  nucleotides  act  in  regulating  gene  expression,  especially  in  pro- 
liferating tumor  cells. 

Other  new  information  emphasizes  the  extreme  complexity  of  eukaryotic  cells  and 
the  many  different  sites  in  the  cell  where  gene  expression  can  be  altered  or 
disrupted.  The  nuclear  membrane,  for  example,  contains  a  nuclear  pore  complex 
which  could  serve  many  different  functions  in  nucleocytoplasmic  communication 
and/or  organization  of  the  interphase  chromatin  (Aaronson  and  Blobel,  1974). 
Clearly,  abnormal  translocation  of  mRNA  from  the  nucleus  to  the  cytoplasm  could 
result  in  aberrant  cell  behavior.  Whatever  the  role  of  nuclear  pore  complexes, 
it  appears  that  they  do  not  require  membrane  for  either  attachment  to  the  nu- 
cleus or  for  maintenance  of  their  structural  integrity,  that  they  are  attached 
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to  the  lamina,  and  that  they  are  composed  of  a  few  polypeptides  and  very   little 
DNA,  RNA  and  phospholipid  (Aaronson  and  Blobel,  1975).   It  is  envisioned  that 
mRNAs  are  translocated  as  complexes  with  special  proteins  through  these  pores. 
Phosphorylation  of  these  proteins  could  play  a  regulatory  role  in  protein  syn- 
thesis, mRNA  storage,  or  mRNA  translocation  through  the  nuclear  envelope  to  the 
cytoplasm  (Auerback  and  Pederson,  1975).  An  interesting  hypothesis  has  been 
offered  concerning  the  synthesis  of  membrane  proteins  and  transfer  of  the  newly 
synthesized  nascent  polypeptide  chain  across  the  membrane.  Recent  observations 
have  supported  the  "signal  hypothesis"  which  states  that  a  signal  sequence  of 
amino  acids  on  the  end  of  the  nascent  chain  promotes  transfer  into  and/or 
through  the  membrane  (Blobel  and  Dobberstein,  1975a, b).   If  this  system  were 
altered  or  obstructed,  the  surface  properties  of  cells  could  change  signifi- 
cantly. 

Growth  Control  by  External  Factors: 

Growth  of  normal  cells  can  be  influenced  by  interactions  of  these  cells  with 
various  polypeptide  growth  factors,  including  hormones,  present  in  the  sur- 
rounding fluids.  One  hypothesis  is  that  as  normal  cells  become  more  and  more 
crowded  they  require  higher  and  higher  concentrations  of  growth  factors  in 
order  to  respond.  Transformed  cells,  whether  malignant  or  benign,  appear  to 
escape  from  normal  growth  controls  by  requiring  less  of  these  hormones  and 
growth  factors  (Hoi  ley,  1975).  Factors  in  serum  may  be  vital  components  in 
releasing  tumor  dormancy,  since  vascular  penetration  (i.e.  angiogenesis)  often 
removes  physiological  limitations  on  size,  permitting  renewed  logarithmic 
growth  (Auerbach  et  al.,  1975).  Previous  work  indicates  that  cell  survival, 
cell  migration,  and  cell  multiplication  are  under  the  control  of  different 
serum  factors.  Recently,  Wolf  et  al.  (1975)  have  shown  that  a  factor  in  rat 
plasma  which  promotes  the  initiation  of  DNA  synthesis  in  confluent  mouse  3T3 
fibroblast  cells  is  distinct  from  the  factor  that  promotes  cellular  multipli- 
cation. While  serum  factors  and  components  are  important,  available  growth 
surface  area  also  appears  to  limit  cell  growth  (Thrash  and  Cunningham,  1975). 
Mitogenic  activity  has  been  observed  for  thrombin  (Chen  and  Buchanan,  1975), 
for  a  cationic  polypeptide  from  human  serum  (Antoniades  et  al . ,  1975)  and 
mouse  epidermal  growth  factor  (Carpenter  et  al.,  1975).   Inhibition  of  plasma 
cell  tumor  growth  by  cAMP  can  be  prevented  by  the  addition  of  insulin  to  the 
culture  medium  (Nasum  and  Hollander,  1975)  and  it  has  been  suggested  that  in- 
sulin resembles  peptides  in  plasma  which  control  or  moderate  cAMP  transport 
effects.  Liver  and  hepatoma  extracts  show  growth  inhibitory  activity  toward 
tumor  cells  which  is  proportional  to  their  arginase  activity  (Nelson  et  al., 
1975). 

Information  concerning  the  biological  effects  of  these  various  stimulatory  and 
inhibitory  factors  remains  fragmentary  and  unclear;  however,  since  most  of 
these  factors  are  present  in  blood  serum,  it  would  appear  that  once  their  mech- 
anisms of  action  are   elucidated,  a  unified  theory  can  be  constructed  with 
potential  application  to  clinical  control  of  tumorigenesis  and  invasiveness. 

Model  Systems: 

Fundamental  biological  research  on  tumorigenesis  requires  the  use  of  model  sys- 
tems that  can  be  clearly  translated  into  an  understanding  of  cancerous  proces- 
ses in  humans.  A  number  of  potential  model  systems  have  emerged  in  the  last 
year: 


22 


(1)  a  sensitive  system  for  examining  the  interaction  of  tumor  and  normal  cells 
(Maslow  and  Mayhew,  1975); 

(2)  a  quantitative  measure  of  the  survival  of  invasive  and/or  circulating  ma- 
lignant tumor  cells  in  vitro  (Fidler,  1975); 

(3)  a  quantitative  way  of  evaluating  changes  in  the  growth  rates  of  solid 
tumor  models  (hepatomas)  after  a  series  of  radiation  doses  (Looney  et  al . , 
1975). 

Diagnosis  and  Therapy: 

A  number  of  fundamental  comparative  studies  conducted  with  normal  and  tumor 
cells  or  tumor-bearing  animals  and  patients  reveal  differences  that  may  have 
diagnostic  and/or  therapeutic  clinical  potential.  For  example,  it  has  been 
shown  that  the  sera  from  normal  subjects  and  cancer  patients  show  different 
galactosyl  transferase  activities.  The  majority  of  this  enzyme  activity  mi- 
grated in  an  electrophoretic  field  as  a  broad  peak  just  behind  an  albumin 
standard,  but  in  cancer  patients  there  was  a  new,  slower  moving  isoenzyme 
activity  (Podolsky  and  Weiser,  1975). 

In  rats  bearing  Morris  hepatoma  3924A,  the  urinary  excretion  of  cGMP,  but  not 
cAMP,  increased  significantly.  The  increased  excretion  of  cGMP  was  diminished 
with  local  irradiation  of  the  tumor,  5-fluorouracil  administration,  or  tumor 
excision.  Therefore,  it  appears  that  cGMP  excretion  can  be  used  as  an  index 
of  tumor  growth  and  regression,  although  the  universality  of  this  observation 
will  not  be  known  until  animals  and  patients  with  other  kinds  of  tumors  are 
examined  (Mural  et  al . ,  1975).  The  Morris  hepatoma  3924  in  rats  has  also  been 
used  to  note  differences  between  the  trace  element  levels  in  sera  from  5- 
fluorouracil -treated  and  non-treated  animals.  Fe,  Co,  Rb,  Cs,  Se,  and  Ag  in 
sera  and  in  tumors  change  in  parallel  and  these  changes  can  be  correlated  to 
the  number  of  5-FU-blocked  cells.  These  changes  (Brookhart  et  al.,  1975),  like 
those  noted  above,  may  also  prove  to  be  valuable  as  a  means  of  monitoring  the 
effect  of  therapy. 
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PROJECTIONS 

The  Tumor  Biology  Program  will  be  reevaluated  in  the  next  year  for  its  content, 
long-term  goals,  and  immediate  research  emphases.  Since  this  program's  incep- 
tion, it  has  been  assumed  that  the  accumulation  of  all  fundamental  knowledge  of 
cell  growth  and  cellular  processes  is  important,  principally  because  the  pro- 
cess of  tumorigenesis  appears  to  be  so  complex.  This  is  exemplified  by  the 
fact  that  differences  are  observed  for  nearly  every  cellular  process  that  is 
compared  between  normal  and  tumor  cells.  A  concerted  effort  will  be  made  to 
determine  what  information  is  being  developed  or  is  currently  available  within 
other  divisions  and  programs  in  NCI  and  other  Institutes  within  NIH  that  can  be 
used  to  arrive  at  the  most  reasonable  and  fruitful  program  approaches.  These 
efforts  will  be  complemented  through  conferences  designed  to  explore  new  ap- 
proaches to  tumor  research  and  to  define  the  "most  probable"  cellular  processes 
that  are  responsible  for  uncontrolled  growth,  loss  of  contact  inhibition,  and 
invasiveness.  A  number  of  specific  but  underdeveloped  areas  have  been  defined 
by  the  biomedical  community  in  the  last  year  which  clearly  merit  future  empha- 
sis: 

1.  There  is  an  increasing  need  to  develop  new  approaches  of  experimentation 
with  cell  surface  membranes.  The  interaction  of  cells  and  their  communi- 
cation with  each  other  in  the  normal  and  abnormal  states  must  be  mediated 
through  the  cell  surface  membrane  and  it  is  the  logical  component  of  the 
cell  which  is  directly  or  indirectly  related  to  all  three  basic  phenotypic 
properties  of  malignant  tumors:  loss  of  position  control,  loss  of  growth 
control,  and  the  acquisition  of  invasiveness. 

2.  Regulation  of  gene  expression  in  eukaryotes  remains  poorly  understood  and 
is  considerably  more  complicated  than  in  prokaryotes.  Yet,  those  genes 
that  are  involved  in  the  growth  process  are  "turned  off"  when  a  somatic 
cell  is  differentiated  but  become  "turned  on"  during  tumorigenesis.  Fur- 
thermore, loss  of  growth  control  and  invasiveness  are  not  necessarily  gen- 
etically linked,  since  both  benign  and  malignant  tumors  grow  uncontrollably 

'  but  only  the  malignant  tumor  is  invasive,  suggesting  that  both  processes 
can  be  controlled  separately.  The  process  of  regulation  of  gene  expression 
must  be  understood  before  those  genes  responsible  for  uncontrolled  growth 
and  malignancy  can  be  identified  and  controlled  in  the  most  sensible  manner. 

3.  It  is  essential  to  develop  improved  in  vitro  and  in  vivo  model  systems  that 
are  more  applicable  to  cancer  experimentation.  Considerable  criticism  has 
emerged  concerning  whether  cells  transformed  in  vitro  are  even  closely  rep- 
resentative of  benign  and  malignant  tumors  in  vivo.  Thus,  there  is  a  clear 
need  to  demonstrate  the  applicability  of  current  tissue  culture  cell  sys- 
tems to  the  cancerous  process  as  well  as  to  develop  new  ones.  For  example, 
model  systems  are  needed  which  can  provide  a  quantitative  measure  of  inva- 
siveness and  tumorigenesis. 

OTHER  ACTIVITIES 

Meetings  Supported  by  Tumor  Biology: 

1.  1  R13  CA  18725-01,  Fred  C.  Fox,  "New  Approaches  to  Research  on  Tumor  Cell 
Surfaces."  This  conference  surveyed  the  state  of  the  art  in  mammalian  cell 
membrane  research  as  a  basis  for  recommendations  of  new  approaches  aimed  at 
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closing  existing  gaps  in  knowledge,  and  definition  of  areas  of  possible  ap- 
plication to  cancer  prevention  and  therapy. 

2.  1  R13  GM  AM  CA  22690-01,  Irwin  C.  Gunsalus,  "Tenth  International  Biochemis- 
try Conference."  Support  of  this  conference  represents  the  past  general 
emphasis  of  the  Tumor  Biology  Program  to  seek  out  all  knowledge  of  mammali- 
an cellular  processes.  Two  other  institutes  were  co-supporters. 

3.  1  R13  CA  19146-01,  William  H.  Fishman,  "Conference:  Gene  Expression,  De- 
velopment and  Neoplasia."  This  conference  brought  together  a  group  of 
scientists,  some  who  were  conversant  with  model  systems  for  the  study  of 
expression  of  embryonic  genes  in  neoplastic  transformation  and  in  neoplas- 
tic cells,  and  others  whose  interests  centered  on  the  molecular  mechanisms 
of  control  of  gene  expression  in  differentiation  and  development  -  the 
purpose  being  to  develop  profitable  directions  for  future  research  in  can- 
cer. 

4.  1  R13  CA  20087-01,  Charles  Yanofsky,  "Gordon  Conference  on  Biological  Regu- 
latory Mechanisms."  Special  sessions  will  examine  and  discuss  recent  de- 
velopments of  biological  regulatory  mechanisms  in  both  prokaryotes  and 
eukaryotes.  The  major  purpose  of  the  conference  is  three-fold:   (1)  to 
arrive  at  some  unifying  concepts  in  cellular  regulation;  (2)  to  identify 
problems  and  experimental  approaches  for  studying  regulatory  phenomena  and 
(3)  to  familiarize  investigators  of  prokaryotic  systems  with  eukaryotic 
systems  so  they  can  redirect  their  research  and  offer  sound  advice  to  their 
students. 

Coordinating  Activities : 

Since  a  number  of  programs  within  DCRRC  are   cross-cutting  in  their  content,  ef- 
forts are  being  initiated  to  develop  joint  interests  and  planning  activities  in 
genetics  and  metastasis.  Also  contacts  have  been  established  with  intramural 
laboratories  in  the  Cell  Biology  Section  of  the  Viral  Oncology  Branch  of  DCCP 
in  order  to  maintain  continuous  knowledge  of  the  state  of  the  art  and  to  seek 
advice  and  criticisms  for  program  planning  activities.  Additional  coordination 
of  Tumor  Biology  Program  activities  should  be  achieved  in  the  coming  year  with 
other  intramural  and  contract  staff  as  a  consequence  of  a  comprehensive  "state 
of  the  art"  report  now  in  preparation. 
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IMMUNOLOGY  PROGRAM 

Barbara  H.  Sanford,  Ph.D.,  Program  Director 


HISTORY  AND  CONTENT  OF  PROGRAM 

The  Immunology  Program  has  grown  from  108  grants  totaling  $5  million  in  1970 
to  396  grants  totaling  $35.0  million  at  the  present  time,  exclusive  of 
education  and  training.  The  distribution  of  grants  by  cancer  thrusts  for 
FY  1976,  was  as  follows: 

Immunology  Grants 
Research  and  Program  Projects  by  Thrusts 


200- 

180- 

160- 

140- 
120- 

$12. IM 
140 

100- 

80- 

60- 

40- 
20- 

$3.6M 
46 

$2.4M 
36 

No.  of 
Grants 

Cause 

and  Prevention 

Diagnosis 

Treatment 

RESEARCH 

ACCOMPLISHMENTS 

$16.9M 
174 


Biology 


Among  the  published  research  accomplishments  by  grantees  in  the  Immunology 
Program  during  1975  were  the  following: 

Cellular  Immunology: 

One  of  the  most  exciting  recent  developments  has  been  the  discovery  of  the 
critical  role  of  the  major  histocompatibility  complex  antigens  in  target 
cell  recognition  by  immune  lymphocytes.  Of  particular  interest  in  relation 
to  cancer  immunology  has  been  the  emerging  evidence  suggesting  that  tumor- 
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specific  antigens  may  represent  modified  histocompatibility  antigens 
(Germain  et  al . ,  1975). 

Another  rapidly  developing  area  involves  an  analytical  approach  to  cellular 
immunology.  A  relationship  between  cell  surface  antigens  and  functional 
characteristics  of  the  cell  has  been  demonstrated;  for  example,  suppressor 
T  cells  have  been  shown  to  carry  different  Ly  antigens  from  helper  T  cells 
(Cantor  and  Boyse,  1975).  A  different  approach  which  allows  another  type 
of  analysis  of  lymphocyte  subpopulations  is  provided  by  recently  developed 
methods  for  separating  antigen-specific  lymphocytes  (Heber-Katz  and  Wilson, 
1975).  Taken  together,  these  advances  give  great  promise  for  an  increased 
understanding  of  the  lymphocyte  in  the  near  future. 

Antibody  Studies: 

Studies  of  pathological  IgA  immunoglobulins  continue  to  provide  information 
pertinent  to  the  general  question  of  neoplastic  transformation  of  normal 
antibody-mediated  immunity  into  malignant  plasmacytoma.  Patients  have  been 
found  who  produce  defective  immunoglobulin  molecules,  with  each  patient 
carrying  his  own  unique  sequence.  These  differences  in  immunoglobulin 
structure  indicate  that  although  the  patients  may  have  similar  clinical 
symptoms  the  transformation  into  a  tumor  cell  has  occurred  at  different 
sites,  although  always  at  the  level  of  genetic  control  of  immunoglobulin 
synthesis  (Putnam,  1975). 

Evidence  was  obtained  for  a  new  class  of  immunoglobulin  (IgD)  which  appears 
to  be  the  major  surface  immunoglobulin  of  murine  B  lymphocytes.  The  heavy 
chain  of  IgD  was  found  to  have  a  molecular  weight  of  65,000  and  was  shown 
to  be  antigenically  distinct  from  other  mouse  immunoglobulins  (Vitetta 
et  al.,  1975). 

Modulation  of  the  immune  response  by  anti-idiotype  sera  has  also  recently 
generated  much  interest.  The  observation  that  a  specific  immune  response 
can  be  stimulated  or  suppressed  even  in  the  absence  of  the  relevant  anti- 
gen has  provoked  interest  in  investigating  the  basic  mechanisms  involved 
and  in  studying  the  possible  application  of  this  type  of  manipulation  to 
cancer  and  transplantation  (Sakato  and  Eisen,  1975). 

Role  of  the  Immune  State  in  Carcinogenesis: 

The  hypothesis  that  immune  surveillance  serves  to  protect  individuals 
against  development  of  tumors  has  continued  to  come  under  severe  attack 
(Prehn,  1975;  Stutman,  1975;  Outzen  et  al . ,  1975).  A  substantial  body  of 
data  has  been  developed  which  indicates  that  immunosuppressed  hosts  do  not 
generally  demonstrate  an  overall  increase  in  tumor  development,  "^here  is, 
in  fact,  some  recent  evidence  suggesting  that  under  certain  conditions  an 
immune  response  may  stimulate  the  development  of  tumors.  The  role  of  the 
immune  system  in  carcinogenesis  is  still  not  clear,  however,  and  there  is 
promise  of  controversy  in  this  area  for  some  time  to  come. 

Another  type  of  ongoing  study  of  immune  status  is  concerned  with  the  effect 
of  oncogenic  virus  infection  on  immune  responses.  Phagocytic  and  migratory 
functions  of  peritoneal  macrophages  from  Friend  virus-infected  mice  have 
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been  shown  to  be  significantly  depressed  as  compared  with  normal  controls. 
Leukemic  macrophages  exposed  in  vivo  and  in  vitro  to  statolon  regained 
normal  function  (Levy  and  Wheelock,  1975). 

Immunotherapy: 

The  UCLA  protocol  to  investigate  immunotherapy  for  malignant  melanoma  has 
been  continued,  with  BCG  or  BCG  plus  tumor  vaccine  used  following  surgery 
to  remove  gross  disease.  Results  so  far  suggest  that  patients  with  regional 
metastases  given  either  type  of  immunotherapy  have  fewer  recurrences  than 
those  treated  with  surgery  alone,  but  the  number  of  patients  treated  to  date 
is  small  and  differences  are  not  yet  statistically  significant  (Morton 
et  al.,  1975). 

Follow-up  studies  on  antitumor  effects  of  cell -mediated  reactions  to 
superficial  epidermal  tumors  have  been  continued  in  patients  with  skin 
cancers.  In  two  successive  groups  of  patients  with  multiple  epitheliomatoses 
60  to  90%  of  tumors  were  eradicated,  with  no  recurrences  during  observation 
periods  of  5  to  10  years  (Klein  et  al.,  1975). 
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PROJECTIONS 

Basic  Immunology: 

The  current  level  of  scientific  interest  in  such  problems  as  the  role  of 
the  major  histocompatibility  locus  in  immune  reactions  is  very  high  and 
scarcely  requires  additional  stimulation  by  NCI.  On  the  other  hand,  ade- 
quate support  is  urgently  needed  and  it  is,  therefore,  important  that  the 
DCRRC  Immunology  Program  continue  an  active  effort  to  support  basic  immuno- 
biology.  Support  of  workshops  and  other  types  of  informational  exchange 
on  topics  in  rapidly  advancing  areas  of  immunobiology  is  also  justified. 

There  are  other  areas  of  iiimunobiology,  however,  where  stimulation  of  more 
work  is  indicated.  These  include  studies  of  immunogenici ty  of  spontaneous 
tumors,  investigations  of  the  mechanisms  involved  in  spontaneous  killing  of 
human  target  cells  by  lymphocytes,  and  studies  of  genetic  factors  affecting 
immune  responses  other  than  those  related  to  the  major  histocompatibility 
locus. 

IdentificatiOfi  and  Characterization  of  Human  Tumor-Associated  Antigens: 
Although  a  large  number  of  human  tumor-associated  antigens  have  been  re- 
ported, it  is  not  clear  whether  the  antigenic  specificities  being  detected 
are  related  to  individual  or  cross-reacting  tumor  antigens  or  to  fetal, 
histocompatibility,  or  autoimmune  antigens.  Identification  and  characteri- 
zation of  new  human  tumor  antigens  require  a  combination  of  clinical, 
immunological,  and  biochemical  expertise.  Since  a  mul tidiscipl inary  team 
focusing  on  this  problem  appears  to  be  the  most  promising  approach,  program 
projects  in  this  area  are  being  encouraged. 

New  Approaches  to  Immunotherapy: 

Although  some  success  is  being  achieved  with  the  immunotherapeutic  approach.;! 
now  in  use,  most  investigators  involved  in  clinical  immunotherapy  agree 
that  there  is  a  need  for  careful  model  studies  on  new  approaches,  preferably 
those  that  stress  mechanisms  of  action  rather  than  simply  the  testing  of 
new  agents  according  to  various  schedules.  Investigators  are  being 
encouraged  to  submit  grant  applications  for  projects  of  this  type. 

One  type  of  immunotherapy  in  which  there  has  been  a  recent  resurgence  of 
interest  is  the  use  of  antibodies  to  deliver  radiation  or  drugs  to  tumors. 
Since  a  number  of  laboratories  throughout  the  world  are  now  involved  in 
this  type  of  effort,  a  workshop  or  conference  in  this  area  might  be  use- 
ful and  is  under  consideration. 
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OTHER  ACTIVITIES 

Efforts  at  attracting  able  young  investigators  into  immunology  receive 
high  priority  in  the  Immunology  Program.  Small  regional  meetings  between 
young  investigators  and  leaders  in  the  field  are  being  tried  on  a  pilot 
basis  as  a  means  of  stimulating  interest  in  tumor  immunology.  The  first 
such  meeting  was  held  in  Bar  Harbor,  Maine,  in  September  1975  and  was 
enthusiastically  received  by  young  investigators.  A  second  meeting  for 
investigators  from  the  southeast  was  held  in  Stone  Mountain,  Georgia,  in 
February  1976;  again  results  indicated  that  the  meeting  succeeded  in  in- 
creasing the  interest  of  young  investigators  in  tumor  imnunology. 

Close  coordination  is  maintained  with  intramural  and  contract  staff.  The 
Program  Director  attends  meetings  with  contract  committees  when  program 
planning  is  involved  and  is  in  frequent  contact  on  other  matters  of  mutual 
interest. 

A  joint  meeting  for  investigators  with  NCI  grants  or  contracts  in  immuno- 
biology  has  been  planned  by  the  DCBD  Associate  Director  for  Immunology  and 
the  DCRRC  Program  Director  for  Immunology.  Over  200  investigators  are 
expected  to  attend  this  meeting  at  Hilton  Head,  South  Carolina  in  June, 
1976. 

Consultants: 

Among  those  providing  advice  to  the  Immunology  Program  Director  on  an  ad 
hoc  basis  were:  Dr.  D.  Bernard  Amos,  Dr.  Baruj  Benacerraf,  Dr.  Barry  Bloom, 
Dr.  Ingegerd  Hellstrom,  Dr.  Evan  Hersh,  Dr.  Hilary  Koprowski,  Dr.  Donald 
Morton,  Dr.  Richmond  Prehn,  Dr.  David  Pressman,  Dr.  George  Santos,  Dr. 
Stewart  Sell,  Dr.  Osias  Stutman,  Dr.  Charles  Todd,  Dr.  Darcy  Wilson,  and 
Dr.  Henry  Winn. 
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CARCINOGENESIS  PROGRAM 

Thaddeus  J.  Domanski,  Ph.D.,  Program  Director 

HISTORY  AND  CONTENT  OF  PROGRAM 

The  present  Carcinogenesis  Program,  initiated  during  FY  68,  is  devoted  to 
the  development  of  facts  and  insight  essential  to  the  prevention  of  human 
cancer,  caused  or  promoted  by  chemical  or  physical  agents.  Programmatic 
focus  is  on  environmental  carcinogenesis,  but  with  a  similar  amount  of  sup- 
port accorded  to  more  fundamental  studies,  consisting  principally  of  cancer 
biochemistry  and  cancer  endocrinology. 

Traditional  grants  assigned  to  the  Carcinogenesis  Program  are  grouped  within 
one  of  two  categories  respectively  referred  to  as  Chemical  Carcinogenesis 
and  Biochemistry  of  Cancer.  Within  the  Chemical  Carcinogenesis  category 
the  emphasis  is  on  the  action,  mechanism  of  action,  and  physiological 
disposition  of  chemical  carcinogens.  Within  the  Biochemistry  of  Cancer 
category  the  focus  is  on  the  characteristic  biochemistry  of  the  cancer  cell 
and  on  biochemical  comparisons  between  normal  and  tumor  tissues.  In  terms 
of  the  National  Cancer  Program  classification  scheme.  Chemical  Carcinogenesis 
grants  are  assigned  to  Cause  and  Prevention  (Thrust  1),  whereas  Cancer 
Biochemistry  grants  are  assigned  to  Cancer  Biology" (Thrust  4).  In  FY  76 
the  Chemical  Carcinogenesis  category  consisted  of  153  grants,  supported  at 
a  cost  of  approximately  $8.7  million,  while  the  Cancer  Biochemistry  category 
consisted  of  137  grants,  costing  approximately  $8.1  million. 

Other  than  traditional  grants,  the  Carcinogenesis  Program  supported  17 
Program  Projects,  and  one  Exploratory  Grant.  In  terms  of  major  effort, 
ten  of  these  classify  as  Cause  and  Prevention  (Thrust  1)  projects;  the 
remaining  seven  as  Cancer  Biology  (Thrust  4)7  The  cost  of  the  Thrust  1 
projects  was  approximately  $9.5  mill  ion;  that  of  the  Thrust  4  projects, 
approximately  $3.5  million.  An  additional  32  traditional  grants  and  two 
program  projects  received  no  FY  76  funds,  but  received  full  administrative 
support  for  at  least  part  of  the  year. 

RESEARCH  ACCOMPLISHMENTS 

Published  research  accomplishments  from  selected  Carcinogenesis  Program 
grants  follow: 

Because  of  the  current  belief  that  metabolic  intermediates  of  aromatic 
amines  are  further  activated  to  electrophilic  reactants  capable  of  binding 
covalently  to  cellular  nucleophiles,  and  because  esters  of  the  strongly 
carcinogenic  N-hydroxy-2-fluorenylacetamide  (N-0H-2-AAF)  give  rise  to  an 
electrophilic  reactant,  the  acetate  esters  of  N-0H-3-AAF  and  N-0H-4-AAF 
were  prepared  and  tested  in  rats  (Yost  et  al . ,  1975).  The  order  of  car- 
cinogenicity of  the  isomeric  esters  followed  that  of  the  parent  hydroxamic 
acid:  N-acetoxy-2-AAF>N-acetoxy-3-AAF>>N-acetoxy-4-AAF.  These  results 
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are  additional   evidence  that  the  structure   (specifically,   the  point  of  attach- 
ment of  the  nitrogen  atom  on  the  aromatic  moiety)   is  a  major  determinant 
of  the  carcinogenicity  of  these  compounds.     The  weak  electrophil icity  of 
N-acetoxy-4-AAF  is  consistent  with   its  marginal    carcinogenicity.     This 
implies  the  existence  of  a  threshold  for  interaction  of  the  carcinogen  with 
the  nucleophilic  target,  which  must  be  exceeded   if  a  compound  is  to  display 
cancer- inducing  activity.      Interaction  of  the  4-isomer  with  noncritical 
nucleophiles  such  as  chloride,  acetate,  and  water  may  account  for  its 
relative  lack  of  carcinogenic  activity.     N-acetoxy-3-AAF,  by  its  relative 
lack  of  reactivity  toward  nucleophiles,   seemingly  contradicted  the  concept 
linking  such  reactivity  with  carcinogenesis.     There  are,   however,  two 
alternate  pathways,  not  involving  an  N-acyl-N-arylnitrenium  ion  but  yielding 
electrophilic  species,  which  are  proposed  to  account  for  the  carcinogenicity 
of  the  3-isomer.     One  of  these  has  been  tested   (Yost  et  al.,   1975)  and  the 
results  indicate  that  N-acetoxy-3-AAF  is  an  even  better  acetyl   donor  than 
N-acetoxy-2-AAF;   rat  liver  RNase  is  extensively  modified  by  reaction  with 
the  3-isomer, 

Human  tissues  are  capable  of  effecting  the  initial   metabolic  transformation 
believed  to  be  required  for  activation  of  aromatic  amines.     They  have  now 
been  shown  also  to  possess  an  enzyme  capable  of  promoting  the  introduction 
of  the  arylamine  moiety  of  N-0H-2-AAF  and  N-OH-N-4-biphenylacetamide 
(N-OH-BPAA)    into  nucleic  acids   (King  et  al.,    1975).      Incubation  of  N-0H-2-AAF 
or  N-OH-BPAA  and  tRNA  led  to  formation  of  arylamine-substi tuted  nucleic  acid 
adducts  in  supernatants  of  human  small    intestine,   liver,  or  colon  homogenates. 
The  function  of  acyl transferase  in  tumor  induction  by  aryl amines   is  at 
present  unknown.     No  direct  correlation   is  discernable  between  acyl trans- 
ferase activity  and  carcinogenic  response  to  aromatic  amines   (King  and  Olive, 
1975),   but  the  chemical    induction  of  tumors   is   probably  influenced  by  multi- 
ple factors  whose  interrelationships  will   have  to  be  clarified  before  it  is 
possible  to  establish  the  function  of  acyl transferase  or  other  activation 
mechanisms   in  the  carcinogenic  process. 

Extension  of  the  aromatic  amine  data  to  the  related  azo  dyes  has   been 
hindered  by  an   inability  to  synthesize  the  presumed  N-hydroxy  metabolite 
of  the  prototype  azo  dye  N-methyl-4-aminoazobenzene   (MAB).      Release  of  5- 
methylmercapto-MAB  and  of  N-(guan-8-yl )-MAB  derivatives   from  the   liver 
protein  and  nucleic  acids  of  rats  given  MAB  provided  circumstantial   evidence 
for  the  formation  of  an  ester  of  N-OH-MAB  or  a  similarly  reactive  metabolite 
in  vivo,   suggesting  a  similar  mechanism  of  activation  for  azo  dyes  and 
aromatic  amines   (Lin  et  al.,   1975b).      N-benzoyloxy-MAB,   a  model    of  reactive 
esters  which  might  be  formed   in   vivo  from  N-OH-MAB,   has   been   synthesized   and 
tested  in  rats,  where  it  induced  sarcomas  at  the  injection   site  (Lin  et  al., 
1975a).     Analysis  of  the  reactions  of  the  synthetic  ester  and  of  MAB  shows 
that  they  are  similar  to  the  reactions  of  AAF,   its  N-OH  metabolite,  and 
synthetic  esters  of  N-OH-AAF.      Each  type  of  ester  reacts   in  vitro  at 
neutrality  with  RNA,  DNA,   and  guanine-containing  nucleosides  or  nucleotides 
to  form  derivatives   in  which   the  amino  nitrogen  of  MAB  or   the  amide  nitrogen 
of  AAF  is  attached  to  carbon  8  of  the  guanine  residues.      Similarly,   MAB, 
AAF,   and  N-OH-AAF  are  metabolized   in   rat  liver  in   vivo  to  rRNA-  and  DNA- 
bound  derivatives   in  which   the  amino  nitrogen   of  MAB  or  the  amide  or  amino 
nitrogens  of  AAF  and  AF,  respectively,  are  attached  to  carbon  8  of  guanine 
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bases  in  the  nucleic  acids  (Lin  et  al . ,  1975a). 

The  N- benzoyl oxy  derivatives  of  MAB,  its  4 '-methyl  and  4 '-ethyl  derivatives, 
and  N-ethyl-4-aminoazobenzene  were  compared  for  carcinogenicity  and  re- 
activity with  nucleophilic  reagents  (Wislocki  et  al , ,  1975).  Each  of  the 
four  esters  had  a  similar  degree  of  nonenzymatic  reactivity  with  methionine 
and  guanosine  at  neutral  pH.  Each  of  the  dyes  induced  sarcomas  at  the  site  • 
of  subcutaneous  injection  in  rats,  but  N-benzoyloxy-MAB  was  considerably 
more  oncogenic  than  the  others,  possibly  because  of  its  greater  stability 
in  neutral  lipid.  Neither  the  electrophilic  reactivities  nor  the  subcutaneous 
tumor  inducing  abilities  of  these  compounds  paralleled  the  hepatocarcinogenic 
activities  of  the  parent  dyes.  While  these  data  may  indicate  that  the  N- 
benzoyloxy  dyes  are  not  ultimate  carcinogens,  the  lack  of  correlation  between 
carcinogenicity  and  reactivity  with  nucleophiles  may  be  otherwise  explained. 
For  example,  the  limiting  factor  in  carcinogenicity  of  the  N-benzoyloxy  dyes 
may  be  their  stability  at  the  subcutaneous  site  from  the  time  of  injection 
until  removal  from  the  depot  site.  It  is  also  possible  that  reactions  with 
nucleophilic  sites  in  macromolecules  would  correlate  better  with  carcino- 
genicity than  would  reactions  with  small  molecules,  especially  if  the 
ability  of  the  dye  to  associate  physically  with  nucleic  acids  or  proteins 
facilitates  their  reaction.  Alternatively,  the  critical  reactions  for 
carcinogenesis  may  be  quantitatively  minor  ones  for  which  the  extent  of 
reaction  does  not  parallel  that  of  the  major  reactions  with  methionine  and 
guanosine. 

One  approach  to  determining  the  relevance  of  the  various  effects  of  chemi- 
cal carcinogens  is  to  compare  the  early  biochemical  effects  of  a  carcinogen 
with  those  of  a  closely  related  noncarcinogenic  compound.  This  type  of  study 
was  recently  conducted  in  relation  to  hepatic  carcinogenesis  in  the  rat 
(Yager  and  Potter,  1975).  Two  hepatocarcinogens,  AAF  and  3'-methyl-4- 
dimethylaminoazobenzene  (3'-Me-DAB)  and  the  relatively  noncarcinogenic 
2-methyl-4-dimethylaminoazobenzene  (2-Me-DAB)  were  compared  for  their  effects 
on  rat  liver  DNA  stability  and  new  DNA  synthesis.  Rat  liver  nuclear  DNA 
is  relatively  stable;  rapid  metabolic  turnover  does  not  occur  in  the  absence 
of  toxic  influences  and  loss  of  prelabeled  DNA  may  reflect  cell  death. 
3'-Me-DAB  caused  a  dose-dependent  loss  of  prelabeled  DNA,  demonstrating  the 
cytoxicity  of  this  carcinogen.  2-Me-DAB  caused  only  a  small  loss  of  pre- 
labeled DNA,  and  AAF,  despite  its  potent  hepatocarcinogenicity,  caused  none. 

Experiments  designed  to  separate  liver  regenerative  hyperplasia  from  pre- 
malignant  hyperplasia  revealed  both  an  early  and  a  delayed  elevation  of 
thymidine  incorporation  into  liver  DNA  of  rats  fed  3 '-Me- DAB  (Yager  and 
Potter,  1975).  Feeding  of  2-Me-DAB  depressed  thymidine  incorporation. 
Feeding  isomolar  amounts  of  3'-Me-DAB  and  AAF  caused  comparable  early 
increases  in  thymidine  incorporation,  followed  by  a  rapid  return  of  in- 
corporation to  control  levels  upon  removal  of  the  carcinogens  from  the 
diet.  The  initial  hyperplastic  response  caused  by  3'-Me-DAB  and  AAF  may 
not  have  the  same  cause.  With  the  former,  hyperplasia  may  represent 
regeneration  in  response  to  its  cytotoxic  effects  whereas  in  the  case  of 
AAF,  which  appears  much  less  cytotoxic,  the  comparable  degree  of  hyper- 
plasia may  result  from  a  direct  stimulation  of  cell  proliferation. 
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Apparently  a  complete  hepatocarcinogen  must  damage  the  cell  and  cause  a 
hyperplastic  response;  if  it  can  accomplish  the  former  but  not  the  latter, 
exogenous  influences  must  act  to  continue  the  carcinogenic  process.  This 
two-step  process  has  been  well  documented  in  skin  carcinogenesis  where  some 
chemicals  have  been  found  to  be  tumor  initiators,  others  tumor  promoters, 
and  still  others  complete  carcinogens.  Initiation  is  generally  regarded  as 
an  irreversible  process  which  can  be  produced  by  sufficient  treatment  with 
a  subcarcinogenic  dose  of  a  physical  or  chemical  carcinogen,  while  promotion 
is  a  reversible  process  requiring  repeated  application  of  a  promoting  agent 
which  stimulates  the  initiated  cells. 

Inhibition  of  RNA  synthesis  is  a  common  effect  of  the  acute  action  of 
several  hepatocarcinogens.  With  the  possible  exception  of  aflatoxin,  this 
inhibition  does  not  seem  to  be  accompanied  by  an  inactivation  of  the 
template  properties  of  chromatin  (Herzog  et  al .  ,  1975).  The  decreased 
nuclear  RNA  synthesis  observed  in  rat  liver  following  administration  of 
N-hydroxy-AAF  (an  intermediate  in  the  activation  of  AAF)  can  be  accounted 
for  entirely  by  an  inhibition  of  RNA  polymerase  activity;  both  nucleolar 
and  nucleoplasmic  polymerases  are  affected.  The  presumed  basis  for  carcino- 
genicity by  this  compound  is  arylamidation  of  DNA,  RNA,  and/or  protein. 
It  has  not  been  determined  whether  this  mechanism  is  responsible  for 
inhibition  of  the  RNA  polymerases.  There  is  reason  to  suspect,  however, 
that  it  is  this  interaction  of  N-OH-AAF  with  nuclear  proteins  directly  or 
indirectly  that  interferes  with  the  function  of  the  RNA  polymerases. 
Binding  of  N-OH-AAF  to  histones  and  acidic  proteins  of  rat  liver  nuclei  has 
been  reported  by  several  groups. 

At  ^east  two  possibilities  can  be  suggested  for  the  potential  significance 
of  RNA  polymerase  inhibition  with  respect  to  the  mechanisms  of  information 
generation  during  carcinogenesis  (Herzog  et  al .  ,  1975).  The  inhibited 
polymerases  could  have  an  altered  template  specificity  allowing  for  trans- 
cription from  previously  repressed  genes.  On  the  other  hand,  inhibition 
of  the  polymerase  function  without  an  apparent  effect,  at  least  quantitative- 
ly, on  the  chromatin  template  would  reduce  the  level  of  genetic  transcription 
without  interfering  with  the  integrity  of  this  information.  This  could 
result  in  fewer  repressors  being  made  and  in  some  genes  being  derepressed. 

Chemical  carcinogens  show  varying  degrees  of  tissue  specificity  or,  rather, 
tissue  characteristics  confer  varying  degrees  of  susceptibility  to  chemical 
carcinogens.  The  distribution  of  activating  enzymes  appears  to  be  a  deter- 
minant in  the  case  of  the  nitrosamines  (Swenberg  et  al . ,  1975).   In  contrast, 
the  closely  related  nitrosamides  such  as  methyl ni trosourea  (MNU)  are  believed 
to  be  activated  nonenzymatically  and  so  do  not  derive  tissue  specificity  via 
this  pathway.  Nevertheless,  when  administered  intravenously  at  optimal  dose 
schedules,  MNU  and  related  nitrosamides  exhibit  a  pronounced  neurospeci' icity, 
The  conditions  influencing  the  specificity  of  these  agents  have  been  investi- 
gated (Swenberg  et  al .  ,  1975)  and  the  results  suggest  several  possible 
explanations  for  the  disproportionate  sensitivity  of  neural  tissues.  MNU, 
because  of  its  basic  urea  structure,  may  penetrate  the  blood-brain  barrier 
more  readily  than  some  other  carcinogens.  Another  possibility  is  that  DNA 
damage  caused  by  MNU  is  repaired  less  efficiently  in  the  nervous  system  than 
in  other  tissues. 

38 


The  ability  of  a  cell  to  repair  its  DNA  is  a  fundamental  defense  mechanism 
against  agents  which  destroy  the  integrity  of  this  vital  macromolecule. 
The  possibility  has  been  examined  that  premalignant  hyperplastic  liver 
nodule-  cells  have  defective  DNA  repair  mechanisms  which  make  them  more 
susceptible  to  neoplastic  transformation.  The  level  of  unscheduled  DNA 
synthesis  (UDS,  a  parameter  of  DNA  repair)  in  the  parenchymal  cells  from 
hyperplastic  nodules  and  from  the  entire  liver  of  rats  fed  N-2-fluorenyl- 
acetamide  was  studied  and  compared  with  that  of  normal  liver  cells  (Kitagawa 
et  al . ,  1975).  Tritiated  thymidine  labeling  was  variable  among  individual 
nodules  and  animals  and  fluctuated  as  a  function  of  the  number  of  days  in 
culture.  In  general,  however,  the  level  of  UDS  in  the  cells  from  hyper- 
plastic nodules  was  always  higher  than,  or  similar  to,  that  of  normal  liver 
cells.  Thus,  although  AAF  induces  considerable  DNA  damage,  the  nodule  cells 
are  not  more  readily  transformed  as  a  result  of  lowered  DNA  repair  capacity. 

The  ability  of  an  active  metabolite  of  AAF,  N-acetoxy-AAF,  to  induce  muta- 
tions to  azaguanine  resistance  was  quantitatively  investigated  in  diploid 
human  cells  and  shown  to  be  dose-dependent  (Maher  and  Wessel ,  1975).  The 
azaguanine  resistance  was  shown  to  be  heritable  in  the  absence  of  mutagen 
or  selective  agent  and  the  cells  of  the  mutant  clones  were  shown  to  retain 
normal  sensitivity  to  N-acetoxy-AAF.  These  findings  strengthen  the  corre- 
lation which  has  been  observed  between  carcinogenicity  and  mutagenicity 
and  support  the  concept  of  somatic  mutation  as  a  carcinogenic  mechanism. 
The  presence  on  the  DNA  of  the  stably  bound,  bulky  aromatic  residue  may  be 
directly  or  indirectly  related  to  the  mutagenic  effect  of  N-acetoxy-AAF. 
Inaccuracies  in  the  repair  process  itself  may  play  a  role  in  the  production 
of  mutations. 

4-Nitroquinoline  1-oxide  (4NQ0) ,  a  compound  which  is  highly  mutagenic  in 
bacteria,  induces  repairable  damage  in  mammalian  DNA.  Subcutaneous  in- 
. jection  of  4NQ0  induces  pulmonary  tumors  in  rats.  With  the  availability 
of  a  method  to  study  DNA  damage  and  repair  in  the  intact  animal,  the  tissue 
specificity  of  the  damage  and  repair  induced  in  the  rat  by  4NQ0  was  examined 
(Cox  and  Irving,  1975).  DNA  damage  was  detected  in  the  liver,  lung,  and 
kidney,  with  the  lung  showing  the  greatest  amount  of  damage.  The  prefer- 
ential damage  of  rat  lung  DNA  by  4NQ0  correlates  with  the  specificity  of 
this  carcinogen  to  induce  pulmonary  tumors.  All  three  tissues  were  able  to 
repair  the  damaged  DNA  within  hours,  in  contrast  to  the  situation  with  a 
number  of  alkylating  carcinogens,  where  DNA  is  not  completely  repaired  even 
after  two  weeks.  4NQ0  may  bind  covalently  or  intercalate  in  DNA  to  produce 
a  distortion  in  the  molecule  that  is  acted  upon  imnediately  by  nucleases, 
thus  inducing  rapid  repair  of  damage. 

It  is  conceivable  that,  in  the  absence  of  efficient  DNA  repair,  a  deletion 
or  rearrangement  could  result  in  certain  critical  segments  in  the  genome 
of  a  mammalian  somatic  cell  being  eliminated  or  altered  in  such  a  way  as 
to  produce  malignancy.  The  frequency  of  mutations  per  dose  of  "K-region" 
epoxides  of  several  hydrocarbons  has  been  shown  to  be  significantly  higher 
than  normal  in  excision  repair-deficient  xeroderma  pigmentosum  (XP)  cells 
(Maher  and  McCormick,  1975a).  However,  at  equicytotoxic  doses  (i.e.,  doses 
which  result  in  an^equal  percent  survival),  the  frequency  of  mutations  in- 
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duced  by  the  hydrocarbons  in  an  XP  strain  which  carries  out  little  or  no 
excision  repair  was  essentially  equal  to  that  measured  in  normal  cells 
which  had  carried  out  extensive  excision  repair  of  their  DNA.  These  results 
provide  evidence  that  the  repair  processes  in  human  cells  do  not  themselves 
introduce  the  mutations.  They  support  the  hypothesis  that  the  cytotoxic 
and  mutagenic  effects  of  exposure  to  the  hydrocarbons  result  from  unexcised 
DNA  lesions. 

In  bacteria,  excision  repair  has  been  shown  to  be  essentially  error-free; 
mutations  arise  as  a  result  of  unexcised  damage.  The  results  cited  above 
indicate  that  the  same  is  true  of  humans.  Even  though  XP  patients  gener- 
ally have  lower  than  normal  rates  of  excision  repair,  their  excision  repair 
is  qualitatively  normal.  Results  of  studies  with  aromatic  amide  derivatives 
and  ultraviolet  radiation,  like  those  with  the  hydrocarbon  epoxides,  support 
this  conclusion  (Maher  and  McCormick,  1975a, b).  Thus,  the  induced  mutation 
frequencies  of  the  two  excision  repair-deficient  XP  strains  and  of  a  strain 
of  normal  cells,  expressed  as  a  function  of  the  percent  survival  of  the 
respective  strains,  are  equal. 

Cells  from  a  few  XP  patients  have  normal  rates  of  excision  repair,  but  are 
deficient  in  postrepl ication  repair.  One  of  these  variant  strains,  XP4BE, 
was  used  to  compare  the  effects  of  excision  and  postrepl ication  repair  on 
the  cytotoxicity  and  mutagenicity  of  UV  radiation  (Maher  et  al . ,  1975). 
As  in  previous  studies,  the  doses  of  UV  which  result  in  37%  survival  in 
the  excision  repair-deficient  strains  were  the  same  doses  required  to  induce 
mutations  at  a  frequency  of  10  per  10^  survivors.   In  contrast,  XP4BE  had  a 
lower  rate  of  survival  than  normal  cells  and  had  a  much  higher  frequency 
of  mutations  per  survivor.  These  results  demonstrate  the  importance  of 
postreplication  repair  in  protecting  rapidly  dividing  cells  from  mutagenic 
lesions. 

The  effects  of  two  potent  tumor  promoters  on  two  DNA  repair  processes  have 
recently  been  examined  in  human  amnion  (AV3)  cells  (Trosko  et  al .  ,  1975). 
Cells  were  treated  with  low  initiating  doses  of  either  UV  radiation  or 
N-acetoxy-AAF.  Excision  repair  (as  measured  by  UDS)  was  then  monitored  in 
the  presence  or  absence  of  nontoxic  levels  of  either  12-0-tetradecanoyl - 
phorbol-13-acetate  (TPA),  phorbol-12,13-dibenzoate  (PDB),  both  potent 
tumor  promoters,  or  phorbol ,  a  nonpromoter.  Neither  promoter  inhibited 
DNA  repair  synthesis  occurring  in  response  to  low  doses  of  the  carcinogens. 
In  addition,  TPA  did  not  inhibit  postreplication  repair  in  UV-irradiated 
Chinese  hamster  cells.  Previous  studies,  on  which  the  tested  hypothesis 
was  based,  either  used  high  UV  doses,  where  cell  survival  was  low,  or  did 
not  report  the  dose  used.  DNA  repair  is  biologically  significant  only  if 
it  occurs  in  a  cell  which  will  survive  and  in  which  the  effects  of  repair 
can  be  observed.   It  is  obvious  that  promotion  can  occur  only  in  surviving 
cells.  In  addition,  the  hypothesis  itself  is  insufficient  to  account  for 
promotion  (Trosko  et  al . ,  1975).   Promotion  can  occur  weeks  or  even  months 
after  carcinogen  treatment,  whereas  repair  of  most  of  the  repairable  DNA 
damage  is  completed  within  hours,  at  least  in  vitro.  However,  since  pro- 
moters stimulate  DNA  synthesis  and  cell  division,  their  application  prior 
to  the  complete  removal  of  unrepaired  lesions  will  cause  the  cell  to  use 
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its  error-prone  postrepl ication  repair  process  to  fill  gaps  in  newly  syn- 
thesized DNA  which  are  adjacent  to  the  unrepaired  lesions.  This  error- 
prone  process  may  result  in  somatic  cell  mutations  leading  to  either  no 
adverse  effect  on  the  cell,  to  death,  or  to  neoplasia. 

The  sequence  of  biochemical  events  in  mouse  epidermis  after  a  single  appli- 
cation of  a  tumor  promoter  resembles  that  seen  in  other  tissues  undergoing 
rapid  proliferation  following  appropriate  stimuli:  augmentation  of  RNA, 
protein,  and  DNA  synthesis,  and  of  epidermal  histone  phosphorylation.  In 
addition,  L-ornithine  decarboxylase  and  S-adenosyl-L-methionine  decar- 
boxylase appear  to  play  prominent  roles  in  eukaryotic  tissues  undergoing 
rapid  proliferation.  These  enzymes  and  their  products,  putrescine  and  the 
polyamines  spermidine  and  spermine,  are  greatly  increased  in  tissues  under- 
going physiological  or  pathological  proliferation.  The  kinetics  of  the 
activities  of  the  two  enzymes  have  been  examined  in  mouse  skin  after  ap- 
plication of  tumor  promoters  (O'Brien  et  al . ,  1975a).  A  single  topical 
application  of  croton  oil  or  12-0-tetradecanoylphorbol-13-acetate  (TPA) 
resulted  in  a  rapid,  transient  stimulation  of  both  enzyme  activities  which 
appeared  to  be  due  to  increased  de  novo  synthesis.  The  data  suggested 
that,  within  two  hours  after  a  single  application  of  an  active  promoter, 
and  before  the  general  increase  in  total  RNA  and  protein  synthesis,  syn- 
thesis of  specific  mRNAs  for  the  two  enzymes  occurs.  This  is  one  of  the 
earliest  specific  biosynthetic  events  known  to  take  place  after  promoter 
treatment  and  it  may  be  necessary  for  the  subsequent  increase  in  DNA  syn- 
thesis and  cell  division. 

Further  investigation  of  enzyme  induction  by  tumor  promoters  revealed  that 
mouse  skin  tumors  produced  by  the  two-stage  procedure  had  consistently 
high  levels  of  ornithine  decarboxylase  activity  but  variable  levels  of 
S-adenosyl -methionine  decarboxylase  activity  (O'Brien  et  al . ,  1975b). 
Substances  which  induce  hyperplasia  in  mouse  skin,  but  which  do  not  func- 
tion as  promoters,  caused  no  increase  in  ornithine  decarboxylase  activity 
although  they  increased  S-adenosyl -methionine  decarboxylase  activity  to 
the  same  extent  as  promoters  (O'Brien  et  al . ,  1975b).  All  promoters  tested, 
although  of  diverse  chemicobiological  properties,  were  effective  inducers  of 
ornithine  decarboxylase,  while  no  nonpromoters  had  this  effect.  Within  a 
series  of  structurally  related  promoters  (phorbol  esters),  promoting  ability 
correlated  well  with  the  magnitude  of  the  ornithine  decarboxylase  response. 

A  similar  lack  of  promoting  activity  on  the  part  of  a  reactive  carcinogen 
metabolite  was  seen  in  a  study  of  hepatic  nodules  induced  in  the  rat  by 
subcarcinogenic  doses  of  AAF  (Becker,  1975).  Subsequent  administration 
of  a  subcarcinogenic  dose  of  the  N-hydroxy  metabolite  of  AAF  failed  to 
complete  the  process  of  carcinogenesis  in  the  nodules  induced  by  AAF; 
most  of  the  nodules  regressed.  Substitution  of  a  subcarcinogenic  dose  of 
dimethyl nitrosamine  for  N-hydroxy-AAF  resulted  in  hepatocellular  carcinoma 
development  in  100%  of  the  animals  previously  treated  with  AAF.  The  yield 
of  hepatomas  in  this  study  far  exceeded  that  reported  to  occur  when  dimethyl - 
nitrosamine  is  administered  during  liver  regeneration;  the  lag  time  was  much 
shorter,  and  the  dose  was  below  that  reported  to  be  effective.  These  results 
support  the  concept  that  the  nodules  produced  by  subcarcinogenic  ingestion  of 
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AAF  are  not  composed  simply  of  normal  hepatocytes  undergoing  compensatory 
regeneration,  but  rather  consist  of  cells  that  have  been  altered  by  the  car- 
cinogen so  that  they  are  hyper-susceptible  to  further  carcinogenic  evolution, 
The  question  of  whether  the  alteration  induced  by  the  initiating  carcinogen 
is  irreversible  is  not  resolved  by  this  study.  True  initiation,  as  seen  in 
the  mouse  skin  system,  has  generally  been  regarded  as  irreversible. 

The  impaired  response  of  hepatoma  enzymes  to  honiional  or  substrate  regula- 
tion has  been  well  documented.  Studies  of  enzyme  regulation  in  liver  under- 
going malignant  conversion  have,  on  the  other  hand,  produced  conflicting 
results,  possibly  because  of  the  tendency  to  treat  the  premaligant  liver 
tissue  as  a  homogeneous  mass  of  cells.  To  overcome  this  possible  source 
of  error,  a  recent  study  (Kitagawa  and  Pitot,  1975)  employed  both  enzyme 
histochemistry  and  autoradiography  to  study  changes  in  the  response  of  two 
rat  liver  enzymes  to  dietary  manipulation  during  carcinogen  exposure. 
Serine  dehydratase,  diffused  throughout  the  cytoplasm  of  hepatocytes  in 
the  periportal  zone  of  untreated  liver,  was  markedly  induced  during  feeding 
of  diethylnitrosamine  (DEN)  but  only  slightly  induced  during  feeding  of 
AAF.  The  enzyme  was  deficient  and  not  inducible  in  hyperplastic  nodules 
early  in  their  development  but,  subsequently,  both  the  levels  of  the 
enzyme  and  its  inducibility  increased  in  the  majority  of  the  nodules.  In 
general,  similar  changes  were  seen  in  glucose-6-phosphatase  activity  and 
inducibility  but  there  was  a  minor  group  of  nodules  in  which  deficiencies 
of  both  these  enzymes  persisted  and  in  which  enzyme  induction  was  not 
observed. 

Whereas  there  .is  considerable  evidence  to  support  the  concept  that  malig- 
nant transformation  involves  a  process  of  "dedifferentiation,"  these 
results  demonstrate  that  even  tissue  which  has  undergone  what  appears  to 
be  an  essential  step  in  the  process  of  hepatic  tumor  development  can 
exhibit  maturation  in  its  response  to  hormonal  regulation  as  well  as  in 
its  endogenous  enzyme  levels  after  prolonged  carcinogen  feeding. 

Analysis  of  hormone-dependent  rat  mammary  adenocarcinomas  has  clearly  iden- 
tified estrogens  and  prolactin  as  the  two  major  hormone  types  responsible 
for  regulating  the  growth  of  these  tumors.   It  appears  that  prolactin  is 
the  prime  stimulus  for  breast  tumor  growth  but  that  estrogen-mediated 
events  are  necessary  for  prolactin  to  exert  its  influence.  The  MTW9-MA 
rat  mammary  tumor  is  markedly  deficient  in  both  estrogen  and  prolactin 
binding  sites  (Costlow  et  al.,  1975).   Its  autonomy  may  thus  be  explained 
by  a  failure  of  circulating  hormones  to  recognize  the  tumor  cells  as  tar- 
gets. The  coordinate  reduction  in  binding  sites  for  estrogens  and  for 
prolactin  in  MTW9-MA  suggested  that  loss  of  both  types  of  receptor  might 
be  a  general  feature  of  the  transition  to  independent  tumor  growth. 

In  vivo  studies  of  R3230AC  have  shown  (Cohen  and  Hilf,  1975)  that  this 
tumor  also  responds  to  insulin.  The  tumor  grew  in  diabetic  rats  at  a 
rate  equal  to  or  greater  than  that  in  intact  rats  but  tumor  growth  was 
reduced  when  daily  doses  of  insulin  were  administered.  Moreover,  treat- 
ment with  estrogen  inhibited  tumor  growth  in  diabetic  or  intact  rats 
simultaneously  treated  with  insulin;  the  effects  of  the  two  hormones  ap- 
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peared  to  be  additive.  The  R3230AC  tumor  may  be  an  experimental  analog  of 
those  recurrent  human  breast  cancers  which  arise  after  ablation  of  steroid 
hormone-producing  organs.  The  characteristics  of  such  tumors  may  be  quite 
different  from  those  of  the  primary  lesion,  which  may  be  hormone-dependent. 

Some  of  the  findings  derived  from  studies  of  hormone  receptors  in  rat  mam- 
mary tumors  are  already  being  applied  to  the  human  disease.  The  current 
status  of  estrogen  receptors  in  human  breast  cancer  has  recently  been 
reviewed  (McGuire,  1975).  Data  on  436  clinical  trials  contributed  from  a 
dozen  centers  throughout  the  world  now  clearly  indicate  that  if  a  patient's 
tumor  does  not  contain  estrogen  receptor,  there  is  virtually  no  chance  of 
inducing  tumor  regression  by  endocrine  therapy.  Patients  can  thus  be  spared 
unrewarding  endocrine  ablative  therapy  if  estrogen  receptor  assays  are  per- 
formed routinely.  The  prognostic  significance  of  the  receptor  values  for 
response  to  endocrine  therapy  does  not  seem  to  depend  on  the  type  of  tumor 
tissue  that  is  biopsied  for  the  assay:  values  from  primary  or  metastatic 
tumors  predict  equally  well. 

Of  the  patients  whose  tumors  do  contain  estrogen  receptors,  only  55  to  60% 
respond  to  endocrine  therapy  (McGuire,  1975).  Since  binding  to  receptors 
is  an  early  step  in  hormone  action,  it  is  possible  that  in  receptor- 
positive  tumors  where  endocrine  manipulations  fail,  the  lesion  is  at  a 
later  step.  If  so,  an  ideal  marker  of  an  endocrine-responsive  tumor  would 
be  a  measurable  product  of  hormone  action  rather  than  the  initial  binding 
step.  Because  in  estrogen  target  tissues  the  synthesis  of  progesterone 
receptors  depends  on  the  action  of  estrogen,  progesterone  receptors  (PgR) 
were  suggested  as  such  a  marker  (Horwitz  et  al . ,  1975).  The  presence  of 
PgR  in  tumors  containing  estrogen  receptors  (ER)  would  indicate  that  the 
tumor  is  capable  of  synthesizing  at  least  one  end  product  under  estrogen 
regulation.  It  was  predicted  that  breast  tumors  with  PgR  would  respond 
to  hormonal  therapy  but  that  tumors  with  ER  but  not  PgR  would  be  resistant 
to  endocrine  therapy.  In  a  preliminary  survey,  PgR  was  detected  in  56% 
of  tumors  with  ER  but,  as  expected,  in  no  tumors  without  ER.  This  approx- 
imates the  percentage  of  ER-positive  patients  who  respond  to  endocrine 
therapy,  so  that  this  result  is  consistent  with  the  hypothesis  that  PgR 
is  a  marker  of  hormone-responsive  breast  tumors.  Confirmation  of  the 
hypothesis  requires  direct  correlation  of  the  presence  of  PgR  with  objec- 
tively defined  clinical  remission.  Only  nine  patients  have  been  completely 
evaluated  to  date  but  the  findings  support  the  hypothesis:  the  only  remis- 
sions among  these  nine  patients  occurred  in  the  three  patients  with  ER- 
positive,  PgR-positive  tumors.  No  remissions  occurred  in  the  four  ER- 
negative,  PgR-negative  patients  or  in  the  two  ER-positive,  PgR-negative 
patients. 

Deletion  of  normal  tissue  antigens  and  acquisition  of  new  antigens  have 
both  been  observed  in  a  number  of  human  tumors.  The  suggestion  that  some 
of  these  new  antigens  represent  incompletely  synthesized  normal  antigens 
would  account  for  the  simultaneous  deficiency  of  the  latter.  To  deter- 
mine whether  reduction  of  normal  tissue  antigens  on  tumor  cells  might  be 
related  to  a  deficiency  in  glycoprotein  glycosyl transferase  activity, 
several  of  these  enzymes  were  measured  in  homogenates  of  normal  and 


43 


neoplastic  human  colon  epithelium  (LaMont  and  Isselbacher,  1975).  These 
enzymes  transfer  monosaccharides  either  to  partially  completed  glycopro- 
teins on  the  cell  membrane  (endogenous  acceptors)  or  to  added  glycoprotein 
or  monosaccharide  substrates  (exogenous  acceptors).  The  levels  of  exogenous^ 
galactosyl  transferase  and  fucosyl transferase  and  endogenous  N-acetylgluco- 
saminyl transferase  were  higher  in  the  normal  tissue.  The  levels  of  exogenous 
and  endogenous  sialyltransferase  and  of  endogenous  galactosyl  transferase 
and  fucosyl transferase  were  comparable  in  homogenates  of  normal  or  cancer 
cells.  That  the  appearance  of  carcinoembryonic  antigen  (CEA)  in  colon 
cancer  may  be  the  result  of  glycosyl transferase  deficiency  is  supported 
by  the  finding  in  this  study  that  galactosyl  transferase  and  fucosyl trans- 
ferase from  normal  colon  epithelium  are  more  active  with  CEA  as  substrate   ^ 
than  are  the  corresponding  transferases  from  cancerous  colon  tissue. 

The  enzyme  abnormalities  observed  in  tumors  might  result  from  a  disturbance 
in  almost  any  one  of  the  many  complex  steps  involved  in  the  transcription 
and  translation  of  genes  into  their  final  products.  The  fact  that  many 
tumor  enzymes  resemble  embryonic  forms  suggests  that  defective  gene  regula- 
tion rather  than  a  structural  gene  mutation  ,is  involved.  Putative  regulatory 
molecules  which  may  be  useful  in  tumor  detection  have  been  identified  in 
the  peripheral  blood  plasma  of  rats  bearing  either  transplanted  hepatomas 
or  autochthonous  chemically  induced  mammary  tumors  (Schumm  and  Webb,  1975). 
The  components  were  assayed  by  measuring  their  ability  to  stimulate  mRNA 
release  from  isolated  nuclei  in  a  cell-free  system  of  rat  liver  nuclei  in 
fortified  homologous  cytosol.  In  crossover  experiments  with  nuclei  and 
cytosol  from  different  tissue  sources,  non-dialyzable  components  regulating 
nuclear  processing  and/or  nucleoplasmic  transport  of  mRNA  ui  vitro  showed 
significant  qualitative  differences  in  normal,  regenerating,  and  neoplastic 
liver.  The  components  are  inferred  to  be  involved  in  nucleocytoplasmic     ^ 
controls  at  the  post-transcriptional  nuclear  level  in  vivo.  Qualitative 
changes  in  cytosol  regulatory  molecules,  such  as  those  seen  in  these  studies, 
may  account  for  the  apparent  loss  of  nuclear  restriction  in  the  cancerous 
or  precancerous  cell;  i.e.,  much  of  the  mRNA  retained  or  destroyed  in  the 
nucleus  of  normal  cells  appears  in  the  cytoplasm  of  cancer  cells. 

Liver  cytosol  from  tumor-bearing  hosts  behaved  abnormally  in  these  studies 
when  compared  with  that  derived  from  normal  liver  in  a  cell -free  system 
containing  prelabeled  liver  nuclei.  Substitution  of  tumor  or  host  liver 
cytosol  for  normal  liver  cytosol  resulted  in:   (1)  slightly  reduced  RNA 
transport;  (2)  a  change  in  the  size  distribution  of  the  released  RNA; 
(3)  a  change  in  the  sequence  homology  of  the  transported  RNA;  and  (4) 
abnormal  amounts  of  poly  A-containing  mRNA  being  released  to  the  cytosol. 
The  test  system  derived  from  rat  liver  permits  monitoring  plasma  from 
other  species,  and  the  regulatory  components  in  the  plasma  appear  also 
to  be  species-nonspecific.  The  high  concentrations  of  apparently  quali-    ^ 
tatively  different  regulatory  macromolecules  in  the  plasma  of  tumor-bearing 
animals  suggest  that  the  nuclear  restriction  assay  could  be  used  as  a 
cancer  diagnostic  test.  The  present  assay  system,  which  may  not  be  completely 
optimized,  seems  to  be  of  equal  or  greater  sensitivity  compared  with  the 
CEA  immunoassay  which  detects  gastrointestinal  and  related  types  of  cancer 
(Schumm  and  Webb,  1975). 
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An  apparently  new  antigen,  tentatively  called  PN  (preneoplastic),  has  been 
detected  in  hyperplastic  nodules  of  rat  liver  after  treatment  of  the  ani- 
mals with  hepatocarcinogens  (Okita  et  al . ,  1975).  It  has  been  found  in 
every  early  and  late  hyperplastic  nodule  and  in  every  primary  hepatoma 
induced  by  any  one  of  five  carcinogens  in  three  strains  of  rats.  Thus  far, 
it  has  not  been  detected  in  normal  adult  rat  liver,  liver  surrounding 
hyperplastic  nodules  or  malignant  tumors,  fetal  liver,  amniotic  fluid, 
normal  adult  rat  serum,  sera  from  rats  with  hyperplastic  nodules  or  pri- 
mary hepatomas,  or  various  normal  rat  tissues.  The  possibility  that  the 
PN  antigen  is  a  liver  protein  modified  by  interaction  with  a  chemical  car- 
cinogen is  rendered  unlikely  by  its  presence  in  hepatocytes  altered  by 
one  of  several  chemically  unrelated  compounds,  and  by  its  presence  in 
hepatomas  transplanted  up  to  150  times  over  a  period  of  15  or  more  years. 
The  two  hypotheses  receiving  the  most  serious  consideration  are  that  the 
PN  antigen  is  (1)  a  viral  antigen  or  (2)  an  antigen  that  appears  in  re- 
sponse to  the  interruption  of  hepatocyte  differentiation  seen  in  the 
nodule  populations.  Regardless  of  its  fundamental  nature,  the  observations 
on  the  PN  antigen  offer  the  strongest  evidence  of  a  unifying  link  between 
the  hyperplastic  hepatocyte  populations  presumed  to  be  premalignant  and 
the  malignant  neoplastic  hepatocytes  in  liver  cancer.  More  importantly, 
this  antigen  offers  a  new  marker  which  could  prove  useful  as  a  quantitative 
index  of  early  changes  related  to  cancer  development. 
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PROJECTIONS 

The  emphasis  of  this  program  is  on  Environmental  Carcinogenesis,  with  par- 
ticular focus  on  the  need  to  expand  the  scope  and  the  amount  of  research 
in  the  following  areas:  (1)  mechanisms  of  action  of  chemical  carcinogens, 
(2)  modification  of  host  response  to  chemical  carcinogens  and  sunlight 
(UV),  and  (3)  assessment  of  the  role  of  promoters  in  environmental  carcin- 
ogenesis. 

Studies  on  the  mechanisms  of  action  of  chemical  carcinogens  are  fundamen- 
tal to  the  achievement  of  some  of  the  prime  cancer  research  objectives, 
such  as:  (a)  the  development  of  in  vitro  carcinogenicity  screening 
methods  and  systems,  (b)  the  development  of  approaches  to  the  preclinical 
detection  of  cancer,  and  (c)  the  possible  use  of  dietary,  drug,  and/or 
hormonal  means  of  protecting  individuals  against  the  effects  of  exposure 
to  environmental  carcinogens.  This  same  research  area  addresses  itself  to 
the  question  of  the  extent  to  which  chemical  carcinogenesis  is  a  genetic 
or  epigenetic  phenomenon. 

In  the  endeavor  to  protect  people  against  cancer  due  to  environmental 
agents,  it  is  clearly  of  great  importance  to  identify  as  many  chemical 
carcinogens  as  possible  and  to  seek  to  remove  them  from  the  environment. 
It  is  to  be  expected,  however,  that  many  such  agents  might  remain  uniden- 
tified for  a  long  time  and  that  it  would  be  very  difficult  to  rid  the 
environment  of  many  of  those  which  are  known.  Hence  it  is  of  interest  to 
explore  ways  in  which  the  neoplastic  effects  of  chemical  carcinogens  in 
the  host  might  be  inhibited,  possibly  by  dietary,  pharmacologic,  or  hor- 
monal means,  or  by  combinations  of  these  approaches;  e.g.,  stuoies  on  the 
experimental  inhibition  of  hydrocarbon- induced  carcinogenesis  by  the  use 
of  antioxidants.  In  this  context,  the  present  focus  is  on  the  protection 
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of  human  populations  against  the  effects  of  chronic  exposure  to  low  doses 
of  environmental  carcinogens. 

At  the  present  time,  it  is  not  clear  whether  the  concept  of  chemical  ccr 
cinogenesis  as  a  two-stage  process  (ini  tiation,  promotion)  has  general  ap- 
plication to  organs  other  than  skin  and  to  humans.  If  so,  then  the  role 
of  promoters  in  environmental  carcinogenesis  could  be  expected  to  be  far- 
reaching,  since  initiation  with  subcarcinogenic  doses  of  chemical  carcino- 
gens is  expected  to  occur  in  the  population-at-large. 
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CANCER  EPIDEMIOLOGY  PROGRAM 

Genrose  D.  Copley,  M.D.,  Program  Director 


HISTORY  AND  CONTENT  OF  PROGRAM 

The  description  and  measurement  of  cancer,  its  classification  by  type  and  ex- 
tent, and  the  dual  searches  for  cause  and  measurement  of  treatment  effect  in 
human  populations  are  not  new  activities.  They  have  always  constituted  a 
small  but  important  percentage  of  the  total  cancer  effort.  In  1967,  this  pro- 
gram reported  24  research  grants,  totaling  $1,464,000  and  constituting  1.9 
percent  of  the  research  budget.  Funding  decreased  to  less  than  $500,000  in 
1969,  and  since  has  grown  gradually  in  dollar  amount.  In  1975,  approximately 
$7,945  million  was  invested  in  56  research  grants,  and  $8,132  million  in  54 
grants  in  1976.  This  is  less  than  one  percent  of  funds  available  for  unsoli- 
cited research  grants,  approximately  half  the  proportion  in  1967.  The  failure 
to  keep  pace  with  the  growth  of  other  areas  of  research  in  cancer  is  a  reflec- 
tion of  the  serious  problems  which  confront  epidemiology  and  related  disci- 
plines, not  a  lack  of  research  potential.  Indeed  the  potential  for  research 
has  grown  with  the  development  of  data  resources,  the  establishment  of  cancer 
control  programs  and  cancer  centers,  and  the  expansion  of  basic  and  clinical 
research.  The  most  serious  unresolved  problem  is  a  shortage  of  personnel  at 
the  senior  investigator  level. 

One  of  the  problems  and,  at  the  same  time,  strong  points  is  the  dynamic  qual- 
ity of  the  program.  Of  the  51  regular  grants,  22  are  in  their  first  year  and 
9  in  their  second.  Only  seven  are  more  than  five  years  old,  and  these  include 
support  for  the  International  Union  Against  Cancer  (UICC),  the  journal  Cancer 
Research,  the  American  Joint  Committee  on  End  Results  and  Cancer  Staging,  and 
three  biometric  resources.  One  new  program  project  replaces  one  phased  out. 

Relative  emphasis  on  epidemiology,  biometry,  and  population  genetics  has 
strengthened.  With  the  development  of  psychosocial  interventive  programs, 
pain  control,  and  rehabilitation  in  the  Division  of  Cancer  Control  and  Reha- 
bilitation, service-oriented  investigations  have  found  another  source  of  sup- 
port. Research  applications  related  to  psychosocial  factors  in  cancer 
etiology  have  not  been  favorably  reviewed  because  their  design  has  not  been 
sufficiently  rigorous. 

Epidemiologic  studies  continue  to  dominate  the  program.  Among  the  active 
grants,  there  is  heavy  concentration  on  studies  of  cancer  in  females--cervix, 
breast,  ovaries,  and  endometrium.  This  interest  has  occurred  spontaneously. 

Thirteen  grants  deal  with  various  aspects  of  these  cancer  sites  and  consider 

diet,  hormones,  chemicals, and  viruses  as  potential  etiologic  agents.  Many  of 

these  grants  are  complementary.  In  addition,  five  of  the  seven  program  pro- 
ject grants  support  investigations  in  these  areas. 
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RESEARCH  ACCOMPLISHMENTS 

Differences  in  cancer  experience  among  people  with  varied  genetic  backgrounds 
are  frequently  studied  to  elucidate  the  effects  of  environmental  or  of  genetic 
factors.   In  a  study  of  cancer  incidence  in  Los  Angeles  County  (Menck,  1975), 
Mexican-Americans  of  both  sexes  were  found  to  have  lower  incidence  than  other 
Caucasians  for  cancers  of  all  sites  combined.  Buccal  cavity,  colon,  rectum, 
larynx,  lungs,  breast,  bladder,  prostate,  and  testis  were  specific  sites  of 
lower  incidence  whereas  stomach,  gall  bladder,  liver,  and  uterine  cervix  were 
higher  in  Mexican-Americans  than  in  other  whites.   Immigrant  rates  were  most 
divergent,  with  indigenous  Mexican-Americans  intermediate.  The  cancer  pat- 
terns in  the  Mexican-Americans  were  similar  to  observations  in  American  In- 
dians. This  is  thought  to  be  consistent  with  environmental  variations  in 
cause. 

In  other  studies,  however,  it  appears  that  variations  in  genetic  background 
may  be  strongly  associated  with  increased  cancer  risk.  Persons  with  certain 
autosomal  recessive  disease  syndromes  such  as  Fanconi's  anemia  and  ataxia 
telangiectasia  seem  to  have  an  excess  risk  of  cancers  and  leukemia.   In  a 
study  of  eight  families  of  Fanconi  anemia  patients,  it  was  found  that  such 
heterozygote  relatives  may  have  a  risk  of  dying  from  malignant  neoplasia  three 
times  that  of  the  general  population  (Swift,  1975).  These  deaths  occurred 
mostly  in  50-69  year  olds,  and  leukemia,  pharyngeal,  gastrointestinal,  and 
bladder  malignancies  occurred  more  frequently  than  expected.  It  is  estimated 
that  heterozygotes  for  Fanconi's  anemia  occur  with  a  frequency  of  one  in  300 
persons,  so  that  Fanconi  anemia  heterozygotes  may  constitute  one  percent  of 
all  cancer  deaths,  with  the  proportions  varying  by  specific  neoplasm. 

Heterozygotes  for  ataxia  telangiectasia  are  thought  to  constitute  up  to  one 
percent  of  the  general  population.   In  a  study  of  27  families  of  patients  with 
this  condition,  deaths  from  malignant  disease  were  compared  with  the  experience 
of  the  general  population  (Swift  et  al . ,  1975).  The  overall  risk  of  cancer 
death  was  significantly  increased  (p  ■•  0.02),  but  the  risk  of  dying  of  cancer 
prior  to  age  45  was  five  times  that  of  the  general  population.  Ovarian,  gas- 
tric, biliary  system  cancers,  leukemia,  and  lymphomas  occurred  more  frequently. 
Other  neoplasias  which  may  be  associated  are  pancreatic,  basal  cell,  colonic, 
breast,  and  cervical  cancer.  The  risk  of  malignant  disease  increased  with  in- 
creasing likelihood  of  heterozygosity. 

Genetic  factors  are   frequently  postulated  to  influence  breast  cancer  incidence. 
For  example,  there  is  less  change  in  incidence  with  modified  environment  than 
is  exhibited  by  some  other  neoplasia  such  as  colon  cancer.  Genetic  factors  may 
damp  the  effect  of  environmental  change.  While  much  is  known  about  the  physi- 
ology and  secretory  activity  of  lactating  breasts,  until  recently  there  had 
been  little  objective  research  concerned  with  the  normal  human  nonlactating 
breast.  Biologic  and  physiologic  factors  associated  with  breast  fluids  ob- 
tained by  a  nipple  aspiration  from  606  normal  nonlactating  women  were  reported 
'this  year  (Petrakis,  1975).  Data  on  race,  age,  menstrual  status,  parity,  con- 
traceptive pill  use,  hormone  use,  and  cerumen  type  indicated  that  the  avail- 
ability of  secretions  was  related  to  race,  age,  and  menopause  and  to  genetic 
factors  associated  with  apocrine  gland  function. 
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Fluid  aspirates  were  obtained  from  approximately  70  percent  of  Caucasians  and 
about  24  percent  of  Chinese.  The  percent  of  successful  aspirations  decreased 
in  members  of  all  races  over  50  years  of  age,  but  less  so  among  Caucasians. 
Chinese  and  Japanese  women  with  dry  cerumen  yielded  a  lower  percentage  of  suc- 
cessful aspirations  than  those  with  wet  type  cerumen,  suggesting  that  genetic 
factors  may  be  associated  with  breast  fluid  secretion  in  nonlactating  women. 

Cellular  findings  in  aspirate  specimens  from  796  women  yielded  50  women  with 
abnormal  cells  and/or  microcalcif ications  (King,  1975).  Abnormal  cells  were 
found  in  50  percent  of  the  satisfactory  specimens  from  women  who  had  breast 
cancer  or  had  previously  had  a  mastectomy  for  breast  cancer.  Continued  ob- 
servation of  such  women  for  evidence  of  regression,  persistence, or  progression 
of  cytologic  abnormalities  is  required  to  determine  the  significance  of  the 
abnormal  cells.  Microcalcifications  can  be  detected  both  in  nipple  aspirates 
and  by  mammography,  although  results  of  the  two  techniques  do  not  always  agree 
in  each  individual  case.  The  absence  of  mammographic  confirmation  of  cytologic 
findings  of  microcalcifications  may  be  an  indication  for  reevaluating  existing 
mammograms  and  for  repeat  clinical  and  mammographic  examination  at  more  fre- 
quent intervals  for  early  localization  of  small  lesions. 

Another  subject  of  continuing  interest  has  been  the  relationship  between  reser- 
pine  and  breast  cancer.  Two  studies  (O'Fallon,  1975;  Mack,  1975)  failed  to 
confirm  the  findings  of  three  earlier  studies  suggesting  increased  risk  of 
breast  cancer  in  women  taking  Rauwolfia  derivatives.  It  was  concluded  that 
they  are  not  likely  to  cause  breast  cancer. 

Exogenous  hormones  administered  therapeutically  or  for  fertility  control  have 
also  been -suspected  of  a  role  in  breast  cancer  etiology. 

The  relationship  between  breast  cancer  or  benign  breast  disease  and  oral  con- 
traceptive use  was  sought  in  a  study  of  1,770  women  under  50  years  of  age, 
including  452  with  breast  cancer  and  446  with  benign  breast  disease.  Although 
the  relative  risk  of  breast  cancer  among  women  who  had  ever  used  birth  control 
pills  was  1.1,  the  risk  increased  significantly  to  1.9  or  more  among  women  who 
had  used  the  pills  for  2-4  years.  A  history  of  benign  breast  disease  increased 
the  cancer  risk  among  long-term  users  by  as  much  as  eleven-fold.  Breast  cancer 
risk  did  not  vary  by  age,  age  at  which  use  of  pills  began,  or  interval  since 
first  or  last  use.  These  results  could  be  interpreted  to  indicate  that  oral 
contraceptives  did  not  induce  breast  cancer  but  may  have  accelerated  the  growth 
rate  of  preexisting  cancer  (Fasal,  1975). 

A  reduced  rate  of  benign  breast  disease  with  increasing  time  on  oral  contra- 
ceptives was  also  found,  suggesting  a  protective  effect  for  oral  contracep- 
tives against  benign  breast  disease.  This  finding,  and  the  lack  of  cancer 
causing  role  for  oral  contraceptives  was  confirmed  by  a  prospective  study, 
also  reported  in  1975  (Ory).   In  the  greater  Boston  area,  97,254  married  women 
between  25  and  49  years  of  age  were  followed  prospectively  for  30  months  for 
breast  disease,  and  there  were  1,072  hospitalizations  (Ory,  1975).  Women  who 
had  taken  oral  contraceptive  pills  for  up  to  12  months  and  non-users  had  simi- 
lar hospitalization  rates.  Women  who  had  used  oral  contraceptives  for  13-24 
months  or  more  than  two  years  were  hospitalized  for  breast  disease  70  percent 
and  35  percent,  respectively,  as  frequently  as  non-users.  The  use  of  oral 
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contraceptives  appears  to  lower  the  risk  of  both  fibrocystic  disease  and  fibro- 
adenoma. While  the  rate  of  breast  cancer  was  lower  among  users  than  non-users, 
the  difference  was  neither  statistically  significant  nor  related  to  duration  of 
use. 

The  relation  of  oral  contraceptives  to  other  neoplasia  is  also  interesting. 
A  study  of  42  women  with  histologically  proven  liver  adenomas  since  1955  in 
Los  Angeles  (Edmonson,  1975)  revealed  a  significant  difference  (p  <  0.001) 
from  neighborhood  controls  in  mean  months  of  oral  contraceptive  usage.  This 
relationship  was  enhanced  with  respect  to  mesantrol-containing  pill  use  (p  - 
0.0001).  Hemorrhage  into  the  tumor  was  often  associated  with  the  onset  of 
menstruation  in  women  using  oral  conceptives.  The  risk  increased  sharply  be- 
yond five  years  of  pill  use. 

A  follow-up  of  110  girls  born  of  women  who  received  stilbestrol  during  preg- 
nancy reveals  a  high  incidence  of  benign  alterations  of  the  genito-urinary 
tract,  including  transverse  ridges  (22%),  abnormal  vaginal  mucosa  (35%),  and 
biopsy  proven  adenosis  (35%)  (Herbst,  1975).  Among  82  unexposed  girls,  there 
were  no  ridges  and  only  one  case  of  vaginal  mucosal  abnormality,  including 
adenosis.  Abnormal  cervical  epithelium  occurred  in  almost  all  exposed  subjects 
but  in  only  half  the  controls.  The  incidence  of  vaginal  abnormalities  was 
highest  when  diethylstilbestrol  was  begun  in  early  pregnancy.  No  cases  of  can- 
cer were  observed. 

Atmospheric  environmental  agents,  specifically  polynuclear  aromatic  hydro- 
carbons, have  been  reported  to  be  associated  with  lung  cancer  (Henderson, 
1975).  Between  1968  and  1972,  ar,   excess  of  lung  cancers  was  consistently 
observed  in  men  in  south  central  Los  Angeles.  This  excess  persisted  across 
several  occupational  categories  and  social  classes,  but  there  was  no  differ- 
ential excess  risk  of  cancers  of  other  sites  associated  with  cigarette  smok- 
ing. Air  samples  from  the  area  contained  excesses  of  certain  polynuclear 
aromatic  hydrocarbons. 

Investigations  into  the  time-dose  relationships  between  radiation  exposure  and 
cancer  incidence  continue  to  reveal  new  risks.  A  second  follow-up  study  of 
children  treated  by  x-ray  epilation  for  ringworm  of  the  scalp  during  the  years 
1940-1955  has  been  undertaken  (Shore,  1975).  The  comparison  group  were  age-. 
sex-,  and  race-matched  controls  treated  by  other  means.  There  were  excess 
incidences  of  tumors  of  the  head  and  neck  in  the  irradiated  group,  including 
skin,  brain,  thyroid,  and  parathyroid.  All  observed  cases  of  leukemia  occur- 
red within  the  first  twenty  years.  No  differences  in  death  rate  between  the 
irradiated  and  control  groups  were  observed. 

Association  between  animal  and  human  tumor  experience  has  been  sought  in  num- 
erous instances,  especially  with  regard  to  leukemias.  Animal  tumor  experience 
may  also  provide  leads  to  human  cancer  behavior,  but  relatively  little  is  known 
about  naturally  occurring  tumors.   In  the  San  Francisco  area,  there  are  both 
human  and  animal  tumor  registries.   It  is  much  easier  to  establish  human  cancer 
rates  than  animal  rates  because  the  animal  population  in  a  given  area  is  usually 
unknown.   In  1970,  a  sample  household  survey  was  carried  out  to  estimate  the 
animal  population  in  the  area  (Schneider,  1975).   It  was  found  that  there  was 
one  dog  for  every  7.3  persons  and  one  cat  for  every  10.8  persons.  Almost  half 
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the  households  included  at  least  one  dog  or  one  cat.  From  proportional  dis- 
tribution by  age,  it  appeared  the  growth  in  canine  population  may  have  peaked 
in  1968.  Less  than  half  the  bitches  (47.8%)  and  more  than  half  the  queens 
(64.6%)  were  neutered.  The  highest  reproducing  ages  for  both  bitches  and 
queens  were  between  one  and  three  years  of  age,  with  an  average  of  0.4  litters 
per  intact  bitch  and  1.6  litters  per  intact  queen.  No  information  is  provided 
about  the  age  or  number  of  humans  sharing  quarters  with  the  animals. 
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PROJECTIONS 

With  the  strong  emphasis  on  environmental  and  genetic  factors  in  the  current 
publications,  it  appears  that  work  in  these  two  areas  will  be  expanded  and 
elaborated.  The  interactions  between  extrinsic  and  intrinsic  factors  are 
likely  to  be  of  increasing  interest. 

Studies  likely  to  be  reported  include:  findings  associated  with  exposure  to 
low-dosage  radiation,  both  with  respect  to  direct  exposure  and  delayed  ef- 
fects from  germinal  tissue  exposure;  cancer  deaths  associated  with  arsenic 
exposure;  other  diseases  associated  with  leukemia;  secretion  of  environmental- 
ly derived  substances  into  nonlactating  breast  fluids;  further  investigation 
into  the  association  between  viral  infection  and  dysplasia,  the  progression 
of  dysplasia  and  the  relationship  of  both  to  carcinoma  2IL  situ  of  the  uterine 
cervix;  and  comparison  of  veterinarians'  and  physicians'  malignancy  deaths. 

OTHER  ACTIVITIES 

A  population-based  registry  in  Los  Angeles  County  in  support  of  USC-UCLA  Can- 
cer Centers  is  compatible  with  the  SEER  data,  but  uniquely  suited  to  the  needs 
of  the  cancer  center.   Information  about  patients  with  various  types  of  neo- 
plasia is  available  in  time  to  permit  selection  of  matched  controls,  collec- 
tion of  specimens  for  laboratory  or  research  purposes,  and  interview.  An 
active  biometry  and  epidemiology  research  staff  on  site  analyze  the  data  and 
assist  in  the  evaluation  of  center  programs.  The  registry  is  integrated  with 
the  medical  school,  cancer  center  and  UCLA  School  of  Public  Health.   In  addi- 
tion, two  animal  tumor  registries  are   supported--one  in  the  San  Francisco  Bay 
area,  permitting  correlation  between  animal  and  human  cancers  on  a  geographic 
basis.  Two  data-linkage  studies  are  supported.  One  provides  a  research 
resource--the  linkage  of  Mormon  genealogic  records  with  the  Utah  Tumor  regis- 
try; the  other  links  AEC  employment  records  with  Social  Security  death  and 
disability  records. 

The  grants  program  contributes  in  another  general  way  to  the  data  system.  Two 
grants  support  efforts  to  improve  the  specificity  and  accuracy  of  medical 
records  in  the  United  States  and  internationally.  These  support  the  American 
Joint  Committee  on  Cancer  Staging  and  End  Results  (AJC)  reporting  in  the  United 
States  and  the  TNM  classification  activities  of  the  International  Union  Against 
Cancer  (UICC).  There  is  a  liaison  between  the  two  organizations  and  both  have 
recently  increased  their  tempo.  The  Joint  Committee  also  interacts  with  the 
Surveillance,  Epidemiology,  and  End  Results  Reporting  (SEER)  Prog'^am  and  the 
Cancer  Center  Data  System.   In  March  1976,  the  first  joint  meeting  of  task 
force  members  was  held  and  a  report  to  the  professions  of  the  American  Joint 
Committee  was  made.  A  draft  manual  reporting  the  current  recommendations  for 
cancer  recording  was  available  for  review.   It  is  hoped  that  a  manual  suitable 
for  distribution  and  medical  records  use  will  be  available  by  June.  This 
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manual  will  probably  reflect  increasing  acceptance  of  modifications  of  the  TNM 
system  for  records  maintenance  and  data  management.  It  also  appears  that  can- 
cer journals  will  adopt  the  AJC  recommendations  as  a  standard  for  published 
papers,  and  will  encourage  other  journals  publishing  large  numbers  of  cancer 
related  reports  to  follow  suit. 

Two  activities  supported  by  NCI  encourage  the  development  and  centralization 
of  comparable  data  by  cancer  centers.  These  are  the  Cancer  Center  Data  Sys- 
tem, intended  to  provide  NCI  with  information  about  patients  treated  by  Can- 
cer Centers,  and  the  Cancer  Center  Epi-Stat  Units  developed  under  the  aegis  of 
the  Division  of  Cancer  Research  Resources  and  Centers  (DCRRC),  Cancer  Centers 
Program.  At  least  marginal  statistical  resources  have  been  developed  in  each 
comprehensive  cancer  center.  The  first  meeting  of  these  personnel  indicated 
interest  in  collaborating  on  solving  several  problems.  These  include  the  de- 
velopment of  methodology  for  cancer  center  self-evaluation,  collaborative 
etiologic  studies,  compatible  data  collection  units  concerned  with  epidemiolo- 
gic data,  and  training.  In  some  instances,  epidemiologic  staff  are  also  avail- 
able and  active--notably  at  USC,  Seattle,  and  Rochester,  Minnesota. 

Coordination  with  intramural  cancer  epidemiology  and  biometry  programs  is  accom- 
plished largely  through  informal  staff  meetings  and  discussions  and  through 
mutual  attendance  of  review  committee  meetings.  In  a  number  of  research  subject 
indexes  recently  developed,  cancer  epidemiologic  and  biometric  projects  tend  to 
be  integrated  by  subject  with  other  research.  There  is  a  joint  project  to 
develop  a  listing  (by  principal  investigator,  subject  and  funding  agency)  of 
ongoing  or  recently  completed  research.  This  is  to  be  used  in  planning,  pro- 
gram development,  and  coordination. 
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VIRAL  ONCOLOGY  PROGRAM 

Philip  G.  Stansly,  Ph.D.,  Program  Director 

HISTORY  AND  CONTENT  OF  PROGRAM 

The  National  Cancer  Institute  has  supported  research  in  cancer  virology  by 
means  of  grants  since  its  inception.  For  example,  investigations  concerning 
the  mouse  mammary  tumor  agent  and  the  rabbit  papilloma  virus  were  supported 
by  grants  as  early  as  1938.  The  discovery  of  mouse  leukemia  as  well  as  poly- 
oma viruses  in  1951  enormously  stimulated  the  field  and  resulted  in  a  large 
increase  in  grant-supported  research  in  virology.  In  1969,  Viral  Oncology 
became  the  major  component  of  a  Cancer  Biology  program.  In  1974,  Viral  Oncol- 
ogy was  separated  out  as  an  independent  program. 

The  original  goal  of  grant  support  for  virology  was  to  rapidly  expand  our 
knowledge  of  the  occurrence,  nature  and  mechanisms  of  virus-induced  cancer. 
It  was  hoped  that  such  knowledge  would  be  relevant  to  human  cancer  and  would 
contribute  to  improved  methods  of  diagnosis,  prevention,  and  treatment  of 
neoplasia. 

From  the  beginning,  the  virology  grants  program  contributed  important  informa- 
tion not  only  to  cancer  virology,  as  expected,  but  to  other  cancer  research 
areas  and  to  biomedicine  generally.  These  contributions  include  the  demonstra- 
tion of  the  viral  etiology  of  mouse  mammary  cancer,  the  discovery  of  in  vitro 
transformation  by  tumor  viruses,  the  discovery  of  the  integration  of  viral 
and  cellular  genes  and  of  reverse  transcriptase.  Contributions  to  general 
cancer  research  and  biomedicine  include  the  development  and  application  of 
cell  hybridization  to  mammalian  genetics  and  experimental  oncology,  the  devel- 
opment and  application  of  molecular  hybridization  to  viral  oncology  and  gene- 
tic chemistry,  and  the  use  of  restriction  enzymes  to  analyze  genes  for  struc- 
ture and  function. 

Many  of  the  above  examples  also  illustrate  a  fact  that  is  not  always  evident 
or  appreciated,  i.e.,  the  contribution  of  cancer  research  to  basic  biomedical 
research,  particularly  cell  biology.  Examples  which  may  be  cited,  in  addition 
to  those  above,  are  the  enormous  impact  of  reverse  transcriptase  on  molecular 
biology  and  genetics,  and  the  induction  of  differentiation  in  virus-induced 
hemoblasts  by  dimethylsulfoxide,  which  provides  the  opportunity  to  study  hemo- 
poiesis jji  vitro. 

The  Viral  Oncology  program  of  grant-supported  research  currently  emphasizes 
the  biology  of  cell-virus  interaction,  the  nature  and  mechanisms  of  virus- 
induced  neoplastic  transformation,  and  the  alterations  in  the  cell  that  char- 
acterize it  as  neoplastic.  This  emphasis  broadly  serves  to  distinguish  the 
grant-supported  from  the  complementary  contract-supported  program,  which  fo- 
cuses on  the  role  of  viruses  in  human  cancer. 

The  identification  of  viral  genes  and  their  products,  which  are  responsible 
for  neoplastic  transformation  and  for  the  maintenance  of  the  transformed  state, 
are  primary  targets  of  the  program.  It  is  desired  to  learn  how  these  genes  or 
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their  products  interact  with  cellular  components,  especially  cellular  genes, 
and  which  cellular  genes  are  so  involved.  The  consequences  of  these  interac- 
tions on  the  appearance  of  new  cellular  functions  are  further  objectives  of 
this  program. 

Because  of  their  intimate  interaction  with  cellular  components  and  because 
they  provide  a  handle  or  marker  which  permits  one  to  follow  these  reactions, 
tumor  viruses  are  considered  basic  tools  to  study  how  and  why  certain  genes 
of  a  cell  are  expressed  and  others  repressed,  and  thus  how  various  functions 
of  the  cell  are  controlled  during  normal  growth  and  differentiation  and  in 
malignant  transformation.  Such  studies  are  vital  to  our  understanding  of  neo- 
plastic transformation,  which  results  in  new  cellular  functions.   Insight  of 
this  sort  may  also  suggest  strategies  to  counteract  these  abnormal  functions 
and  reprogram  the  malignant  cell  so  that  it  is  again  responsive  to  normal 
growth  controls. 

The  program  currently  consists  of  272  traditional  grants  and  23  program  pro- 
jects, distributed  as  follows: 

272  Traditional  Research  Projects 

116  RNA  Tumor  Virus  Projects  $  8.338  million 

108  DNA  Tumor  Virus  Projects  7.487  million 

48  Basic  and  Supportive  Studies  3.304  million 

23  Program  Projects  and  Centers  13.096  million 

295           Total  $32,225  million 

About  70  percent  of  the  research  supported  by  Viral  Oncology  Program  relates 
to  Cause  and  Prevention  (Thrust  1  of  the  National  Cancer  Plan).  The  balance 
falls  under  the  category  of  Cancer  Biology  (Thrust  4). 

RESEARCH  ACCOMPLISHMENTS 

Tumorigenicity  of  SV40-transformed  cells  in  nude  mice  is  specifically  corre- 
lated with  anchorage-independent  growth  in  vitro.  Other  cellular  parameters 
of  virus-induced  transformation,  such  as  lack  of  sensitivity  to  high  cell 
density  or  the  capacity  for  the  cells  to  grow  in  low  serum  concentration  are 
dissociable  from  tumorigenicity  (Shin  et  al . ,  1975). 

In  vitro  transformation  of  lymphoid  cells  was  achieved  with  a  leukemia  virus 
^Rosenberg  et  al.,  1975).  This  is  the  first  instance  of  such  transformation 
by  a  leukemia  virus  (Abelson  strain)  and  indicates  that  lymphoid  cells  are 
indeed  the  target  cells  for  oncogenic  transformation  by  these  viruses.  The 
transformed  cells  were  oncogenic  in  adult  BALB/c  mice. 

Bishop  et  al.  (1975)  have  demonstrated  the  existence  of  and,  in  effect,  iso- 
lated the  transforming  gene  of  the  avian  sarcoma  virus.  They  have  prepared, 
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in  a  series  of  adroit  procedures,  a  DNA  sequence  complementary  to  the  deleted 
nucleotide  sequence  of  an  avian  sarcoma  virus  defective  for  transformation. 
This  DNA  ("cDNA  sarc")  is  therefore  thought  to  be  the  transforming  gene,  in- 
asmuch as  the  genomes  of  all  transforming  avian  viruses  contain  sequences 
complementary  to  "cDNA  sarc,"  whereas  such  sequences  are  missing  from  the 
leukosis  viruses  (which  are  non-transforming)  as  well  as  from  transformation- 
defective  avian  sarcoma  mutants.  They  have  further  found  that  these  DNA 
sequences  occur  in  all  avian  species  tested,  even  in  the  Japanese  quail,  for 
which  no  C  type  virus  has  as  yet  been  demonstrated  in  adults,  although  some 
spontaneous  expression  of  a  C  type  virus  occurs  in  embryos.  It  is  of  extra- 
ordinary interest  that  transcription  of  this  gene  occurs  in  a  methylcholan- 
threne-induced  tumor  of  the  Japanese  quail.  A  tentative  conclusion  is  that 
all  avian  cells  have  the  gene  for  neoplastic  transformation  which  can  be  acti- 
vated under  certain  circumstances,  e.g.,  by  methylcholanthrene. 

An  avian  sarcoma  virus  passed  through  duck  cells  will  acquire  duck  genetic  in- 
formation, which  becomes  covalently  linked  to  its  RNA  (Shoyab  et  al . ,  1975). 
Thus,  genetic  alteration  of  RNA  tumor  viruses  by  acquisition  of  host  cell 
genetic  information  (possibly  host  endogenous  virus  sequences)  may  be  involved 
in  tumor  virus  formation  and  in  information  transfer  from  cell  to  cell.  It 
has  previously  been  found  by  others  (e.g.,  Winocour  et  al . ,  1975)  that  analo- 
gous events  occur  with  SV40  DNA. 

By  genetic  and  biochemical  analysis,  a  portion  of  the  circular,  double- 
stranded  genome  of  SV40  (the  early  "A"  region)  was  shown  to  be  responsible  for 
three  functions  of  the  virus:  replication,  initiation,  and  maintenance  of 
transformation.  More  recent  results  have  focused  on  at  least  one  likely  pro- 
duct of  this  gene,  the  T  antigen.  This  is  a  protein  that  appears  early  after 
infection  of  cells  with  SV40  (related  T  antigens  are  found  with  certain  other 
virus  infections)  in  either  transforming  or  replicating  systems  and  may  be  the 
long  sought  protein  responsible  for  transformation.  Jessel  et  al .  (1975)  have 
detected  a  property  of  the  T  antigen  which  should  advance  our  understanding  of 
its  function;  this  is  its  quantitative  binding  to  certain  specific  segments  of 
-the  SV40  genome.  This  finding  will  allow  the  preparation  of  purified  T  anti- 
gen and  expedite  the  investigation  of  this  protein. 

It  seems  likely  now  that  infectious  DNA  transcripts  of  the  RNA  tumor  viruses 
will  eventually  be  synthesized  in  vitro.  Previously,  only  short-length  DNA 
sequences  could  be  identified  in  reverse  transcript  reactions,  and  infectious 
DNA  could  be  isolated  only  from  infected  cells.  Junghans  et  al .  (1975)  have 
synthesized  full-length  transcripts  of  Rous  sarcoma  RNA  simply  by  improving 
the  in  vitro  conditions  -  especially  inhibiting  the  action  of  nucleases. 
This  is  a  first  step  towards  synthesizing  infectious  transcripts  for  genetic, 
biochemical,  and  functional  analyses  similar  to  those  being  so  successfully 
carried  out  with  the  DNA  viruses. 

The  intimate  relation  of  the  RNA  tumor  virus  to  the  cell  it  infects  is  indi- 
cated by  the  finding  that  the  "primer"  which  starts  the  synthesis  of  viral 
DNA  is  a  host  transfer  RNA,  thus  indicating  at  least  one  aspect  of  host  con- 
trol over  RNA  tumor  virus  infection  (Harada  et  al . ,  1975). 

Etienne  Lasfargues  et.  al .  (1976)  have  found  that  normal  cat  cells  can  be  in- 
fected with  the  virus  of  mouse  mammary  tumor.  This  is  the  first  time  that  a 
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cell  has  been  exogenously  infected  with  this  agent  and  opens  the  way  to  a  con- 
trolled molecular  study  of  this  virus,  hitherto  hampered  for  lack  of  a  suit- 
able experimental  system. 

Robert  Nowinski  et  al.  (1975)  have  discovered  that,  contrary  to  widespread 
belief,  mice  naturally  have  antibodies  to  their  endogenous  leukemia  virus. 
If  the  disease  can  be  prevented  in  mice  by  augmenting  this  natural  response, 
there  will  be  added  encouragement  to  investigate  this  approach  for  the  pre- 
vention of  the  human  disease. 

The  human  wart  virus,  a  papova  virus,  is  the  only  confirmed  human  tumor  virus. 
Although  skin  warts  and  related  papillomas  are  "benign"  tumors  (though  they 
can  still  be  life  threatening  in  some  circumstances),  the  possibility  that 
they  could  progress  to  malignancy  must  be  considered,  especially  as  other 
papova  viruses  can  induce  malignant  transformation.  The  recent  report  of  the 
propagation  of  the  wart  virus  (Eisinger  et  al . ,  1975)  will  allow  the  prepara- 
tion of  the  necessary  reagents  to  study  in  depth  the  virus  and  its  relation 
to  human  cancer. 

The  widespread  occurrence  of  a  glycoprotein  (gp  69/71)  on  the  surface  of  cer- 
tain normal  murine  and  avian  cells,  and  even  in  the  serum  of  these  species, 
has  been  observed  (Tung  et  al . ,  1975).  This  moiety  appears  to  be  identical 
with  the  envelope  glycoprotein  of  the  leukemia-sarcoma  viruses  and  therefore 
probably  represents  an  expression  of  the  integrated  viral  DNA.   It  seems  pos- 
sible that  it  may  provide  a  useful  marker  for  the  presence  of  the  tumor  virus 
genome  and  as  such  has  potential  for  etiological,  epidemiological,  and  diag- 
nostic studies  in  humans. 
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PROJECTIONS 

The  following  types  of  investigation  are  the  most  pressing  and  significant  for 
continued  and  future  investigations  in  the  Viral  Oncology  area: 

1.  Analysis  of  the  genomes  of  tumor-inducing  viruses  to  determine  the  posi- 
tion, structure,  and  function  of  their  constituent  nucleic  acid  sequences. 

2.  Identification  and  isolation  of  the  sequence{s)  responsible  for  transfor- 
mation. In  the  case  of  the  RNA  viruses,  this  endeavor  also  includes  the 
mechanism  of  formation  of'the  DNA  transcript  of  the  virus,  for  this  is  its 
true  genetic  substance. 

3.  The  mechanism  of  integration  and  excision  of  viral  genes  from  the  cell 
genome. 

4.  The  events  which  follow  integration,  i.e.,  there  may  be  either  no  discern- 
ible expression,  minimal  expression  (e.g.,  some  messenger),  or  transforma- 
tion with  or  without  virus  replication.  These  occurrences  are  followed  by 
analyzing  transcription  and  translation  events  (in  cell  or  cell-free  sys- 
tems) together  with  chemical  and  functional  analysis  of  the  various  pro- 
ducts -  i.e.,  messengers  and  proteins.  It  is  generally  thought  that  some 
protein  product  of  a  messenger  from  the  integrated  viral  genome  is  respon- 
sible for  transformation.  Such  products  are  being  widely  sought  but  have 
not  yet  been  identified  with  certainty. 

5.  Analysis  of  the  structure  and  function  of  components  of  tumor  viruses 
other  than  their  genomes.  Such  studies  are  important  in  providing  markers 
for  ecological  and  epidemiological  studies  of  tumor  viruses  (and  their 
expressions),  in  determining  relationships  among  them,  and  in  providing 
potential  reagents  for  diagnosis  and  for  active  and  passive  immunization. 

6.  The  role  of  tumor  virus  information  in  apparently  normal  cells:  Are  these 
really  normal  constituents?  If  so,  are  so-called  tumor  viruses  essentially 
carriers  of  oncogenic  information  which  is  really  cellular  in  origin?  How 
is  this  information  activated?  What  is  its  significance  for  oncogenesis 

in  the  species  in  which  it  normally  exists,  and  for  normal  differentiation 
in  other  species? 
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7.  What  is  (are)  the  significant  phenotypic  expression(s)  of  transformation 
which  characterize  a  cell  as  malignant?  These  have  thus  far  eluded  precise 
definition.  Many  biological,  biochemical,  and  morphological  alterations^ 
accompany  transformation;,  which  are  primary,  which  secondary,  which  signW 
ficant,  and  which  of  little  importance  are  questions  not  yet  satisfactorily 
resolved.  These  questions  absorb  numerous  investigators  because  identifi- 
cation ot  Che  significant  expressions  of  transformation  may  suggest  fresh 
approaches  to  problems  in  detection,  diagnosis,  prevention,  and  treatment 
of  cancer. 

8.  Continued  effort  to  counteract  or  suppress  the  malignant  properties  of 
transformed  cells  so  that  they  are  once  again  subject  to  normal  growth  ^ 
control,  e.g.,  by  chemicals  -  natural  or  synthetic  -  that  induce  differ-^ 
entiation. 

9.  Regulation  of  gene  expression  using  viruses  as  tools. 

OTHER  ACTIVITIES 

The  Viral  Oncology  program  supports  workshops  and  conferences  in  its  specific 
and  related  areas  of  concern.  Those  of  particular  interest  in  1975  were 
investigator-initiated  and  consisted  of  the  following:   (1)  "Workshops  in 
Techniques  in  Cancer  Research"  at  Aspen,  Colorado,  covering  workshops  and 
seminars  on  various  aspects  of  cancer  biology,  carcinogenesis  and  clinical 
subjects;  (2)  five  workshops  at  Cold  Spring  Harbor  covering  Animal  Cell  Cul- 
ture, Molecular  Cytogenetics,  Animal  Viruses,  Yeast  Genetics,  and  Immunogene- 
tics;  (3)  a  Gordon  Research  Conference  on  Cancer  at  Colby  College,  and  (4) 
separate  conferences  on  Cell  Motility,  RNA  Polymerases,  RNA  Tumor  Viruses, 
SV40,  Polyoma  Virus,  and  Adenoviruses,  all  at  Cold  Spring  Harbor.  ^ 

The  Program  Director  (1)  participates  in  various  activities  of  the  collabora- 
tive Virus  Cancer  Program  such  as  in-house  and  advisory  committees  and  project 
site  visits.  This  interaction  is  useful  in  facilitating  exchange  of  informa- 
tion in  management  of  areas  of  mutual  or  overlapping  interests  and  responsi- 
bilities; (2)  participates  in  the  deliberations  and  decision-making  process  as 
a  member  of  the  Molecular  Control  Working  Group;  (3)  coordinates  and  organizes 
conferences  and  workshops  on  metastasis  in  connection  with  the  U.S. -Japan  Co- 
operative Cancer  Research  Program  of  the  NCI;  (4)  assists  in  evaluating  poten- 
tial program  administrators  for  the  National  Cancer  Institute  and  other  units 
of  the  National  Institutes  of  Health  as  a  member  of  a  Civil  Service  panel. 
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NATIONAL  ORGAN  SITE  PROGRAMS  BRANCH 

David  L.  Joftes,  Ph.D.,  Chief 

HISTORY  AND  CONTENT  OF  PROGRAM 

The  National  Organ  Site  Programs  consist  of  grant-supported  national  projects 
of  targeted  cancer  research.  Each  national  project  is  a  planned  and  integrat- 
ed research  effort  oriented  toward  cancer  of  a  specific  organ  site.  The  plan- 
ning, direction,  coordination,  and  scientific  administration  of  each  national 
project  are  conducted  at  a  headquarters  institution  other  than  the  National 
Cancer  Institute.  The  National  Project  Director,  who  is  not  an  employee  of 
the  National  Cancer  Institute,  is  assisted  in  the  planning  and  in  the  scienti- 
fic administration  of  the  national  project  by  a  Working  Cadre  of  active 
research  scientists  from  institutions  throughout  the  nation. 

The  National  Cancer  Advisory  Board  (NCAB),  after  reviewing  comprehensive  plans 
for  national  programs  of  research,  recommended  the  implementation  of  four 
national  organ  site  projects.  In  March  1972,  the  Board  recommended  initiating 
the  National  Bladder  Cancer  Project  under  the  direction  of  Dr.  Gilbert  H. 
Friedell,  St.  Vincent  Hospital,  Worcester,  Massachusetts;  in  June  1972,  the 
National  Large  Bowel  Cancer  Project  under  the  direction  of  Dr.  Murray  M. 
Copeland,  M.  D.  Anderson  Hospital  and  Tumor  Institute,  Houston,  Texas;  in 
November  1972,  the  National  Prostatic  Cancer  Project  under  the  direction  of 
Dr.  Gerald  P.  Murphy,  Roswell  Park  Memorial  Institute,  Buffalo,  New  York;  and 
in  November  1974,  the  National  Pancreatic  Cancer  Project  under  the  direction 
of  Dr.  Isidore  Cohn,  Jr.,  Louisiana  State  University  School  of  Medicine,  New 
Orleans,  Louisiana.  In  March  1974,  the  Board  approved  support  for  developing 
information  on  the  state-of-the-art  and  research  opportunities  in  head  and 
neck  cancer  under  the  direction  of  Dr.  Joseph  H.  Ogura,  Washington  University 
School  of  Medicine,  St.  Louis,  Missouri.  A  group  of  experts  have  held  three 
major  planning  meetings  and  a  Workshop  on  Head  and  Neck  Cancer  was  held  on 
February  16-18,  1976,  in  New  Orleans,  Louisiana.  It  is  expected  that  the 
group  will  submit  an  application  for  the  establishment  of  a  National  Head  and 
Neck  Cancer  Project  within  a  few  months.  Each  of  the  four  active  projects  is 
described  below  as  an  individual  entity  since  each  project  is  a  substantial 
component  of  the  Branch's  activity.  There  are  a  total  of  186  grants  supported 
by  the  National  Organ  Site  Programs  at  a  cost  of  $14,100,000  (including  the 
four  headquarters  grants  at  $1,229,298  including  indirect  costs). 

NATIONAL  BLADDER  CANCER  PROJECT 

Olga  G.  Joly,  D.D.S.,  Sc.D.,  Program  Director 

This  project  is  supporting  55  grants  at  an  estimated  cost  of  $4,220,000  (in- 
cluding indirect  costs  and  the  headquarters  grant  of  $290,020). 
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RESEARCH  ACCOMPLISHMENTS 

Development  of  Techniques  to  Identify  Early  Bladder  Cancer  Lesions:  '^ 

One  of  the  goals  of  the  National  Bladder  Cancer  Project  is  to  detect  which 
individuals  within  a  high  risk  group  will  develop  tumors.  Studies  of  bladder 
tumors  in  rats  fed  FANFT  (N-[4-(5-nitro-2-furyl )-2-thiazolyl ]  formamide)  show 
that  at  the  end  of  ten  weeks  of  carcinogen  feeding,  lesions  become  irrevers- 
ible.  At  that  same  time,  the  surfaces  of  exfoliated  bladder  cells  in  the 
urine,  examined  with  scanning  electron  microscopy,  were  found  to  be  covered 
with  pleomorphic  microvilli  instead  of  microridges  or  uniform  microvilli  found 
on  normal  cell  surfaces  (Jacobs  et  al . ,  1975).  Examination  of  exfoliated      i 
bladder  cells  in  the  urine  appears  to  provide  a  method  of  detecting  early, 
noninvasive  low  grade  lesions  in  this  system,  but  the  specificity  of  this 
finding  remains  to  be  determined. 

Development  of  a  Bladder  Cancer  Model  for  Evaluating  Chemotherapeutic  Regimens: 
The  effect  of  single  and  combination  chemotherapy  was  evaluated  for  antitumor 
activity  against  FANFT-induced  bladder  carcinoma  in  syngeneic  mice.  The  single 
agents  evaluated  were  cyclophosphamide,  cis-diaminedichloro  platinum  (cis-PT-II), 
dactinomycin  and  adriamycin.  Cyclophosphamide  and  dactinomycin  were  the  most 
effective  drugs  in  reducing  tumor  size,  as  reflected  by  total  bladder  weight. 
Combinations  of  chemotherapeutic  agents  were  more  effective  than  single  agents. 
Mice  receiving  the  combination  of  cyclophosphamide  and  5-fluorouracil  or  adria- 
mycin had  the  greatest  reduction  in  bladder  weight.  There  was  also  a  high 
number  of  animals  free  of  tumors  among  the  treated  mice  when  compared  with  the 
carcinogen-fed  controls  receiving  no  treatment  (Soloway,  1975).  Previous  find- 
ings had  shown  that  tumor  cells  would  implant  and  grow  better  on  inflamed 
bladder  urothelium  than  on  normal  bladder  epithelium.  Intravesical  Chemother-   { 
apy  with  thiotepa,  or  epipodophyl lotoxin  VM-26  reduced  the  percent  of  implanted 
tumors  (Weldop  and  Soloway,  1975).   Intravesical  adriamycin,  bleomycin,  and 
cis-PT-II  had  no  significant  effect.  Systemic  chemotherapy  with  adriamycin  was 
effective  in  reducing  the  number  of  tumors,  but  cyclophosphamide  yielded  the 
better  results  (Soloway  and  Martino,  1976).  These  studies  have  encouraged 
urologists  and  oncologists  to  reconsider  the  available  data  on  the  chemotherapy 
of  bladder  tumors  and  have  stimulated  new  clinical  studies.  Preliminary  data 
from  clinical  studies  appear  to  support,  in  general,  the  findings  observed  in 
the  murine  bladder  tumor  model. 
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PROJECTIONS 

New  techniques  for  the  detection  and  diagnosis  of  bladder  lesions  and  improved 
utilization  of  existing  methodologies  are  making  it  possible  to  better  select 
appropriate  treatment  on  an  individual  basis.  Through  the  better  utilization 
of  urine  cytology  techniques,  malignant  lesions  of  the  bladder  are  being  de- 
tected which  are  not  yet  discernible  by  other  techniques.  These  findings  may 
make  possible  a  test  of  aggressive  treatment  with  adjuvant  chemo-  or  immuno- 
therapy in  patients  with  very  early  disease. 

Experimental  studies  in  animal  models  indicate  that  scanning  electron  micro- 
scopic studies  of  exfoliated  cells  may  improve  our  ability  to  detect  bladder 
cancer  in  its  earliest  stages.  If  the  prognostic  significance  of  pleomorphic 
microvilli  on  exfoliated  bladder  cells  in  animal  models  proves  to  be  specific 
and  applicable  to  humans,  the  number  of  individuals  identifiable  as  having 
bladder  cancer  before  grossly  visible  lesions  are  observed  would  be  expected 
to  increase. 

There  is  a  major  multidisciplinary  study  being  conducted  at  four  hospitals 
associated  with  UCLA  to  determine  the  effectiveness  of  non-specific  immuno- 
therapy in  patients  with  advanced  bladder  carcinoma,  and  to  monitor  the  im- 
munological competence  of  such  patients.  The  number  of  institutions  parti- 
cipating under  the  National  Bladder  Cancer  Collaborative  Group  A  has  increased. 
This  is  a  joint  effort  in  which  the  coordinating  center,  the  central  statisti- 
cal center,  the  central  laboratory,  and  all  participating  institutions  are 
supported  by  separate  grants.  Four  protocols  are  included  in  the  "Evaluation 
of  Management  of  Patients  with  Bladder  Carcinoma":  (1)  the  surveillance  of 
patients  with  bladder  cancer,  (2)  a  study  of  their  apparently  normal  bladder 
urothelium,  (3)  a  clinical  trial  designed  to  assess  the  ablative  and  prophyl- 
actic effect  or  thiotepa  instillations,  and  (4)  clinical  trial  to  compare  the 
effectiveness  of  definitive  radiotherapy  with  that  of  radiotherapy  followed  by 
appropriate  surgery.  In  the  evaluation  of  treatment,  consideration  is  given 
not  only  to  the  length  of  survival  but  also  to  the  quality  of  survival. 

At  one  of  the  centers  in  the  Collaborative  Group  A,  selected  biopsies  are 
repeated  at  each  follow-up  examination  to  study  the  hypothesis  that  there  is 
a  definitive  relationship  between  atypia  and  subsequent  recurrences.  Initial 
results  from  related  experiments  have  indicated  that  the  presence  of  atypia 
in  the  epithelium  removed  with  the  initial  tumor  biopsy  is  associated  with  a 
high  rate  of  tumor  recurrence  and  frequently  with  progression  of  the  tumor  to 
more  invasive  stages  of  the  disease. 

A  new  effort  in  chemotherapy  has  been  initiated  at  two  institutions  to  evalu- 
ate the  potential  of  new  drugs  on  bladder  neoplasms;  two  more  institutions  are 
in  the  process  of  joining  the  chemotherapy  group. 

OTHER  ACTIVITIES 

Meetings: 

1.  NBCP  Investigators'  Workshop  -  January  25-27,  1976. 

2.  Urinary  Bladder  Epithelium  Workshop  -  November  11-19,  1975. 
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Coordination: 

Meetings  for  the  purpose  of  exchange  of  information  and  coordination  have  been 

held  with: 

1.  Dr.  Gregory  O'Conor  (International  Relations  Office). 

2.  Dr.  Ronald  Herberman  (Immunology,  DCBD). 

3.  Ms.  Jackie  Parkman  (NCI  Office  for  Program  Planning  and  Analysis). 

Other  Activities: 

1.  A  procedures  manual,  "Assay  for  Tumor  Specific  Cytotoxicity,"  was  supported 
by  NBCP  Headquarters  through  contract  with  Dr.  Carol  O'Toole,  UCLA. 

2.  Headquarters  personnel,  grantees,  and  Dr.  Olga  Joly  of  NCI  staff  partici- 
pated in  the  U.S. -Japan  Meeting  on  Bladder  Cancer  Carcinogenesis  in  Hawaii, 
December  6-9,  1975. 

3.  Planning  for  a  conference  on  Bladder  Cancer  to  be  held  November  28- 
December  1,  1976  is  well  underway. 

NATIONAL  LARGE  BOWEL  CANCER  PROJECT 

Andrew  Chiarodo,  Ph.D.,  Program  Director 

There  are  70  grants  supported  under  the  National  Large  Bowel  Cancer  Project 
for  a  total  of  $5,765,000  (including  indirect  costs  and  the  headquarters  grant 
of  $340,799). 


RESEARCH  ACCOMPLISHMENTS 

Carcinogenesis  and  Epidemiology: 

Grantees  of  the  National  Large  Bowel  Cancer  Project  (NLBCP)  have  developed 
animal  models  of  large  bowel  cancer  in  mice,  rats,  guinea  pigs,  and  hamsters. 
These  experimental  cancers  have  been  produced  by  administering  several  differ- 
ejnt  carcinogens:  dimethylhydrazine  (DMH),  N-methyl-N-ni tro-N-ni trosoguanidine 
(MNNG),  methylazoxymethanol  acetate  (MAM),  and  methylcholanthrene. 

In  one  study  concerning  inhibition  of  neoplasia  of  the  large  bowel  (Wattenberg, 
1975),  it  was  found  that  the  addition  of  two  antioxidants,  disulfiram  and 
sodium  diethyl thiocarbamate,  to  the  diet  of  mice  receiving  dimethylhydrazine 
prevented  the  development  of  colon  cancer,  while  90%  of  the  controls  developed 
an  average  of  four  colon  cancers.  Disulfiram  did  not  inhibit  the  development 
of  large  bowel  cancers  in  mice  treated  with  MAM  (Borchert  and  Wattenberg,  in 
press).  Other  antioxidants  which  are  poorly  absorbed  are  being  tested  for 
inhibitory  effects  on  MAM  carcinogenesis  in  mice. 

Molecular  Control  and  Molecular  Genetics: 

Grantees  have  reported  continued  progress  in  defining  molecular  controls,  cell 
kinetics,  membranes,  enzymes,  and  pyrimidine  biosynthesis  of  colon  cancer  cells 
and  in  colon  mucosa  of  animals  under  treatment  with  colon  carcinogens.  Pro- 
cedures have  been  developed  for  the  separation  of  particular  classes  of  nuclei 
from  colon  mucosa  of  rats  and  humans.  Nuclei  recovered  from  different  layers 
of  density  gradients  have  been  compared  for  their  contents  of  DNA,  RNA, 
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histones,  and  non-histone  proteins.  Demonstrated  differences  in  the  total 
protein/DNA  ratio  are  due  to  changing  proportions  of  individual  non-histone 
proteins.  Both  normal  and  tumor  nuclei  alter  their  non-histone  protein  com- 
plements during  differentiation  (Boffa  et  al . ,  in  press  a,b).  Nuclei  from 
rat  tumors  induced  by  DMH  were  demonstrated  to  have  a  greater  DNA  synthesizing 
capacity  than  that  of  corresponding  nuclei  from  control  animals.  Nuclear  non- 
histone proteins  were  also  found  to  differ  from  those  of  normal  colonic  mucosa. 
Striking  increases  were  observed  in  the  concentration  of  two  classes  of  pro- 
teins with  molecular  weights  of  44,000  and  62,000  in  the  tumor  cell  nuclei. 
A  significant  increase  in  these  two  non-histone  nuclear  proteins  is  observed 
three  weeks  after  administering  DMH  and  further  exposure  to  the  carcinogen 
causes  a  corresponding  increase  to  even  higher  levels.  Human  adenocarcino- 
mas of  the  colon  were  also  found  to  have  significant  concentrations  of  non- 
histone nuclear  proteins  with  molecular  weights  of  44,000  and  62,000. 

Both  histone  and  non-histone  proteins  are  modified  by  (methyl -^H)  DMH.  Non- 
histone nuclear  proteins  do  not  normally  contain  measurable  amounts  of  mono- 
or  di-methyl  lysines  but  do  contain  methylarginine.  Both  methyl-arginine  and 
methyl-lysines  are  detected  in  the  non-histone  proteins  of  rats  given  (methyl- 
3h)  DMH.  Thus,  the  changes  induced  by  alkylating  agents  such  as  DMH  affect 
those  amino  acids  (lysine  and  arginine)  which  are  most  likely  to  be  involved 
in  DNA  binding.  The  investigator  notes  that  to  the  extent  that  these  DMH  mod- 
ifications alter  the  affinity  of  nuclear  proteins  for  DNA,  they  are  likely  to 
initiate  irreversible  alterations  in  structure  and  function  of  the  chromatin. 

Immunobiology: 

In  rat  models,  three  types  of  antigens  have  been  demonstrated:  the  antigens 
of  colon  cancer,  the  gut-specific  antigen,  and  widespread  embryonal  antigens. 
All  of  these  have  been  demonstrated  in  sol  ubilized  preparations  from  tumor  tis- 
sue. Rats  immunized  against  various  syngeneic  colorectal  carcinomas  or  fetal 
tissues  were  studied  for  their  capacity  to  take  transplants  of  colon  cancer. 
While  immunization  against  the  tumor  antigens  of  colon  carcinoma  caused  high 
levels  of  .isograft  resistance,  immunization  of  the  recipients  with  colorectal 
carcinomas  different  from  the  test  tumor  or  with  various  fetal  tissues  induced 
a  reproducible  but  low  level  of  resistance  to  isografting  (Sjogren  and  Steele, 
1975;  Steele  et  al . ,  1975  a,  b). 

Clinical  Cancer  Treatment  Research: 

Grantees  of  the  NLBCP  are  investigating  the  effectiveness  of  adjuvant  immuno- 
therapy with  Bacillus  Calmette-Guerin  (BCG)  and  immune  RNA  in  patients  who,  at 
operation,  were  found  to  have  Dukes'  B^  and  Dukes'  C  lesions.  In  one  study 
(Mavligit  et  al . ,  1975),  a  total  of  89  patients  have  been  entered  into  the 
category  of  Dukes'  C  classification  and  are  under  investigation.  It  appears 
that  the  protection  conferred  by  BCG  alone  may  be  slightly  better  than  the 
protection  conferred  by  the  combination  of  5-fluorouracil  (5-FU)  +  BCG,  at 
least  in  terms  of  disease-free  interval.  It  is  also  interesting  to  note  that 
50  percent  of  the  control  patients  who  did  not  receive  any  adjuvant  therapy 
following  surgery  exhibited  a  clinical  relapse  at  21  months,  whereas  only  25 
percent  who  received  BCG  therapy  alone  following  surgery  had  relapse  at  21 
months.  There  have  been  two  deaths  among  the  33  patients  who  received  BCG 
alone.  Among  the  50  patients  who  received  a  combination  5-FU  +  BCG,  there 
have  been  no  deaths.'  The  survival  curves  of  the  groups  which  received  either 
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BCG  or  the  combination  of  5-FU  +  BCG  are  better  than  those  of  the  historical 
controls.  The  adjuvant  effect  of  both  BCG  and  5-FU  +  BCG  was  more  pronounced 
in  those  with  more  than  six  positive  lymph  nodes  than  in  the  group  which  had 
five  or  fewer  positive  lymph  nodes.  Among  the  14  failures,  half  had  local 
recurrences  and  half  had  distant  metastasis.  The  14  patients  who  had  recur- 
rences despite  adjuvant  therapy  were  found  to  be  adequately  immunocompetent 
at  the  time  of  relapse. 
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PROJECTIONS 

Primary  and  transplantable  colon  cancers  developed  in  animal  models  are  being 
used  by  experimental  pharmacologists  studying  the  actions  of  new  chemothera- 
peutic  agents;  by  immunobiologists  in  studies  on  the  immunobiology  and  immuno- 
therapy of  large  bowel  cancers;  and  by  molecular  biologists  studying  cell 
kinetics  and  molecular  controls  of  such  cancers. 

Some  of  the  studies  in  progress  suggest  biochemical  targets  that  might  be  ex- 
ploited therapeutically  and  others  that  may  prove  to  be  markers  of  colon  can- 
cer and/or  antecedent  lesions.  Studies  of  normal  mouse  colon  mucosa,  DMH- 
induced  mouse  colon  cancers,  and  of  a  human  colon  cancer  cell  line  demonstrated 
a  marked  increase  in  activity  of  carbamyl  phosphate  synthetase  in  human  and 
mouse  colon  cancers  over  that  found  in  normal  mouse  colon  cells.  The  enzyme 
activity  was  not  inhibited  by  its  end  product,  UTP. 

N-(phosphonacetyl )-L-aspartate  (PALA),  a  transition  state  analog  for  aspartate 
transcarbamylase  (ATC),  when  injected  into  intact  mice  caused  a  prompt  decrease 
in  intestinal  ATC  activity.  PALA  not  only  inhibited  ATC  activity  in  cultured 
colon  cancer  cells,  but  it  also  inhibited  the  growth  of  these  cells.  The  in- 
vestigator is  studying  the  effects  of  PALA  on  the  growth  of  a  transplantable 
colon  cancer  in  mice  and  on  the  growth  of  a  xenograft  of  a  human  colon  cancer 
in  hamster  cheek  pouches. 

Grantees  are  reporting  progress  in  defining  individuals  at  risk  and  in  devel- 
oping and  testing  markers  which  might  be  of  value  in  the  early  detection  of 
large  bowel  cancer  and  of  precancerous  lesions  of  the  large  bowel.  Markers 
which  may  be  of  value  in  identifying  individuals  carrying  the  gene(s)  of  heri- 
table polyposis  have  been  identified.  Biochemical  and  biological  markers  of 
large  bowel  cancer  are  under  investigation.  Some  of  these  markers  have  been 
demonstrated  to  have  utility  in  the  diagnosis  of  curable  lesions. 

The  availability  of  animal  models  of  large  bowel  cancer  (primary  and  trans- 
plantable tumors)  and  of  cultured  cell  lines  of  human  and  rodent  colon  cancers 
has  made  it  possible  for  project  grantees  to  investigate  the  effectiveness  of 
established  and  new  chemotherapeutic  agents  on  the  growth  and  metabolism  of 
large  bowel  cancer.  Drug  combinations  are  being  investigated  for  their  effects 
on  well  established  lines  of  large  bowel  cancer  in  vivo  and  in  vitro.  The 
effectiveness  of  post  surgical  adjuvant  chemotherapy  is  also  being  studied  in 
animals  bearing  transplantable  colonic  cancers. 

In  addition,  three  grantees  working  in  cell  kinetics  and  molecular  control  of 
cell  proliferation  and  differentiation  and  molecular  genetics  are  studying  the 
actions  of  new  and  established  chemotherapeutic  agents  on  growth  and  certain 
biochemical  characteristics  of  large  bowel  cancer. 

The  availability  of  cultured  colon  cancer  cell  lines,  xenografts  of  human 
colon  cancers,  and  of  primary  and  transplantable  colon  cancers  in  rats  and 
mice  has  provided  grantees  of  the  National  Large  Bowel  Cancer  Project  with 
models  to  investigate  the  immunobiology  of  large  bowel  cancer,  and  from  which 
to  isolate  new  antigens,  some  of  which  appear  to  be  colon  cancer-specific, 
and  some  of  which  are  capable  of  inducing  a  state  in  hamsters  which  results  in 
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rejection  of  colon  cancer  xenografts.  The  chemical  determinants  of  CEA  are 
under  investigation. 

One  investigator  is  developing  a  prosthetic  sphincter  for  intestinal  stomas. 
Another  is  investigating  a  new  approach  to  liver  perfusion  with  chemothera- 
peutic  drugs. 

OTHER  ACTIVITIES 

Meetings: 

During  the  current  year,  two  mini-workshops  on  Large  Bowel  Cancer  were  held: 

1.  The  Application  of  Recent  Investigations  Toward  the  Control  of  Large  Bowel 
Cancer  -  February  5-6,  1976. 

2.  New  Approaches  to  Therapy  of  Large  Bowel  Cancer  -  March  6-7,  1976. 

Both  of  these  mini-workshops  were  mul tidisciplinary  and  succeeded  in  promoting 
communication  between  basic  scientists  and  clinical  investigators.  The  work- 
shop participants  with  expertise  in  molecular  biology,  biochemistry,  immuno- 
biology,  genetics,  pharmacology,  chemotherapy,  gastroenterology,  surgery,  or 
clinical  investigation  recommended  new  programs  of  research  designed  to  apply 
results  of  recent  studies  on  the  biochemistry  and  biology  of  large  bowel  can- 
cer toward  the  development  of  control  methods  and  the  treatment  of  large  bowel 
cancer,  and  to  apply  clinical  observations  toward  expanded  basic  studies  on 
the  biology  of  large  bowel  cancer. 

Coordination: 

The  NCI  Program  Director  for  the  National  Large  Bowel  Cancer  Project, 
Dr.  Andrew  Chiarodo,  represents  the  Project  on  the  Gastrointestinal  Tumor 
Study  Group  of  DCT,  which  met  three  times  last  year. 

Other  Activities: 

1.  In  Deceniber  1975,  Cancer  published  a  Conference  Supplement  of  30  papers  that 
were  presented  before  the  Second  Workshop  on  Large  Bowel  Cancer,  which  was 
held  in  Philadelphia,  Pennsylvania,  on  January  23-24,  1975. 

2.  Two  grantees  of  the  National  Large  Bowel  Cancer  Project,  Dr.  Weisburger 
and  Dr.  Lipkin;  the  Project  Director,  Dr.  Copeland;  and  the  then  Program 
Director,  Dr.  Joftes,  participated  in  an  international  workshop  in  Geneva, 
Switzerland,  in  May  1975.  The  deliberations  of  the  workshop  were  published 
as  the  International  Union  Against  Cancer  Technical  Report  Series  Volume 
19,  titled  "Colo-Rectal  Cancer,  Workshops  on  the  Biology  of  Human  Cancer, 
Report  No.  2,"  Geneva,  1975. 
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NATIONAL  PROSTATIC  CANCER  PROJECT 

Andrew  Chiarodo,  Ph.D.,  Program  Director 

This  project  is  currently  supporting  44  grants  at  a  total  cost  of  $3,052,000 
(including  indirect  costs  and  the  headquarters  grant  of  $364,759). 

RESEARCH  ACCOMPLISHMENTS 

Treatment: 

Randomized  clinical  trials  of  single  chemotherapeutic  agents  for  prostatic 
cancer  are  showing  significant  progress.  The  first  studies  have  been  directed 
at  those  patients  who  are  in  a  far-advanced  stage  of  disease  and  fail  to  re- 
spond to  conventional  endocrine  methods  of  treatment,  or  for  whom  no  other 
treatment  is  available.  Using  Cytoxan  or  5-FL),  statistically  significant  im- 
provement has  been  reported  in  patient  survival,  relief  of  pain,  improvement 
in  blood  chemistries,  tumor  regression,  and  improvement  in  general  well-being 
as  measured  by  specific  means.  The  trials  are'  taking  place  at  five  institu- 
tions. 

Etiology  and  Prevention: 

Large  differences  in  incidence  or  mortality  rates  for  prostatic  cancer  have 
been  reported  for  a  number  of  populations.  In  comparing  Blacks  in  Nigeria 
(low  risk  group)  with  Blacks  in  Washington,  D.C.  (high  risk  group),  a  30  per- 
cent incidence  has  been  reported  in  the  high  risk  group  as  compared  to  9  per- 
cent in  the  low  risk  group.  The  disease  is  first  diagnosed  at  a  later  stage 
in  Nigeria,  and  hormonal  levels  differ  between  these  two  populations  as  well 
as  between  cases  and  controls. 
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PROJECTIONS 


Treatment: 


Studies  are  being  directed  at  treatment  of  patients  in  earlier  stages  of  dis- 
ease, and  toward  combination  chemotherapy  with  drugs  of  proven  effectiveness 
in  advanced  stages  of  disease.  Drug  development  studies  specifically  directed 
at  prostatic  cancer  are  promising.  This  area  is  significant  because  no  other 
agency  or  group  is  directing  its  attention  to  this  problem.  Studies  directed 
at  determining  the  specific  efficacy  of  radiotherapy  and  studies  of  agents  or 
sensitizers  that  may  increase  the  sensitivity  of  prostatic  tumors  to  lower 
doses  of  radiation  appear  to  have  good  potential. 

Etiology  and  Prevention: 

Epidemiologic  studies  are  attempting  to  identify  etiologic  roles  of  dietary, 
socio-economic,  occupational,  sexual,  and  medical  factors.  Additional  new 
projects  for  the  development  of  experimental  models  for  the  study  of  pros- 
tatic cancer  are  in  progress.   In  this  area,  studies  are   being  conducted 
in  vitro  on  the  culture  and  propagation  of  normal  and  malignant  prostate 
cells.  This  effort  is  necessary  to  determine  whether  viruses  are  a  signi- 
ficant etiologic  factor  in  this  cancer.  Although  viral  particles  have  been 
demonstrated  in  prostatic  tissue,  further  studies  are  required  to  determine 
the  nature  of  these  particles  and  their  relationship  to  the  origin  of  human 
prostatic  cancer.   In  addition,  there  has  been  some  success  in  propagating 
new  tumor  models  in  rats  through  successive  generations.  These  can  be  used 
to  screen  new  chemotherapy  agents  for  use  in  man. 

Detection/ Diagnosis: 

Major  efforts  in  this  area  have  been  and  are  directed  to  immunologically  de- 
tecting prostatic  cancer  at  its  earliest  onset.  A  significant  number  of  cases 
throughout  this  country  are  now  seen  at  a  far-advanced  stage,  when  very  little 
can  be  done  for  the  patient.  Studies  are  in  progress  to  develop  more  specific 
and  sensitive  assays,  and  preliminary  results  hold  promise  of  improving  our 
ability  to  detect  this  disease  at  an  earlier  stage  of  its  progression.  The 
same  studies  may  help  improve  the  monitoring  of  the  efficacy  of  treatment. 

In  addition,  studies  are  in  progress  to  establish,  on  a  morphological  basis, 
criteria  for  detecting  or  discriminating  borderline  cases,  and  to  develop  bet- 
ter grading  criteria  for  the  diagnosis  and  prognosis  of  prostatic  cancer. 

OTHER  ACTIVITIES 

Workshops: 

1.  Evaluation  of  progress  in  the  measurement  of  prostatic  specific  antigens 
for  the  detection  and  diagnosis  of  prostatic  cancer. 

December  15,  1975  -  Detroit,  Michigan. 

2.  Problems  in  cell  and  organ  culture  of  the  prostate. 
December  19,  1975  -  Buffalo,  New  York 

3.  Criteria  of  response  for  clinical  trials. 
January  8,  1976  -  New  York,  New  York 
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Working  Cadre  Subcommittee  Meetings  for  Updating  Approved  Plan: 

1.  Etiology/Prevention:  September  16,  1975  -  Buffalo,  New  York 

2.  Detection/Diagnosis:  September  23,  1975  -  Chicago,  Illinois 

3.  Treatment:  November  15,  1975  -  Bethesda,  Maryland 


NATIONAL  PANCREATIC  CANCER  PROJECT 

David  L.  Joftes,  Ph.D.,  Program  Director 

This  project  is  in  the  process  of  funding  its  17th  grant  for  an  estimated 
total  of  $1,062,891  (including  indirect  costs  and  the  headquarters  grant  of 
$233,720). 

RESEARCH  ACCOMPLISHMENTS 

None  of  the  grants  funded  has  been  functioning  long  enough  to  have  submitted 
a  progress  report. 

PROJECTIONS 

Research  grants  now  getting  underway  involve  tissue  culture  of  bovine  pancreas 
for  use  in  carcinogenesis  work;  pancreatic  metabolism  of  selected  carcinogens; 
improvements  in  techniques  of  radiological  diagnosis,  scanning,  and  better  use 
of  ultrasonography;  immunobiology  and  immunodiagnosis;  etiology;  biochemistry 
of  pancreas  cell  differentiation;  endocrinology;  and  pathology.  The  National 
Pancreatic  Cancer  Project  continues  to  solicit  additional  applications  for 
research  in  fundamental  biology,  etiology,  epidemiology,  detection  and  diag- 
nosis, surgery,  radiotherapy,  pathology,  immunobiology,  immunoprophylaxis, 
immunotherapy,  multimodal ity  treatment,  and  supportive  care. 

OTHER  ACTIVITIES 

The  National  Pancreatic  Cancer  Project  Working  Cadre  met  four  times  during 
1975  to  review  grant  applications  and  continue  updating  its  National  Plan. 

The  NCI  Program  Director  for  the  National  Pancreatic  Cancer  Project,  Dr.  David 
L.  Joftes,  represents  the  project  on  the  Gastrointestinal  Tumor  Study  Group  of 
DCT,  which  met  three  times  last  year. 

During  1975,  meetings  were  held  with  staff  of  DCT  and  DCBD  to  facilitate  coor- 
dination and  communication  between  our  Divisions.  Meetings  will  be  held  in 
the  future  with  staff  of  DCCR  and  DCCP. 

Staff  of  the  National  Organ  Site  Programs  Branch  developed  an  informational 
booklet,  "Program  Description,  National  Organ  Site  Programs,"  for  distribution 
to  potential  applicants  and  other  interested  parties. 
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CLINICAL  CANCER  EDUCATION  PROGRAM 

Margaret  H.  Edwards,  M.D.,  Chief 

HISTORY  AND  CONTENT  OF  PROGRAM 

The  Clinical  Cancer  Education  Program  was  initiated  in  July  1974  to  replace 
the  Clinical  Cancer  Training  Program,  which  had  been  phased  out  by  Executive 
order  in  January  1973  together  with  all  other  training  programs  at  the 
National  Institutes  of  Health.  The  objectives  of  the  Clinical  Cancer  Educa- 
tion Program  are  similar  to  those  of  the  earlier  program;  namely,  to  stimulate 
and  expand  multidisciplinary  efforts  in  cancer  education  and  teaching  at  the 
undergraduate,  graduate,  and  continuing  education  levels.  This  will  encourage 
students  and  practitioners  dealing  most  directly  with  cancer  to  acquire  and  to 
apply  basic  knowledge  and  preventive,  diagnostic,  and  therapeutic  skills  and 
experience  to  the  problems  of  cancer  and  to  the  care  of  cancer  patients. 

The  Clinical  Cancer  Training  Program  provided  stipends  for  undergraduate  and 
graduate  trainees;  the  new  Program  contains  no  such  provisions.  Since  1966, 
when  the  Clinical  Cancer  Training  grants  were  initiated,  4,274  individuals 
received  support  for  periods  of  training  ranging  from  three  months  for  under- 
graduate medical  and  dental  students  to  two-three  years  for  graduate  clinical 
trainees,  in  a  wide  variety  of  clinical  specialties  related  to  cancer,  but 
chiefly  in  medical  oncology,  surgical  and  gynecologic  oncology,  pediatric 
oncology,  cancer  pathology,  and  radiology-radiotherapy.  ^Graduate  students 
constituted  approximately  40  percent  of  the  total  number  of  trainees.  Funds 
from  both  the  earlier  program  and  the  current  grants  also  provide  support  for 
selected  faculty  and  staff,  teaching  equipment  and  supplies,  consultants,  and 
travel . 

The  budget  for  the  Clinical  Cancer  Training  Program  ranged  from  $3,136  million 
in  FY  1966  to  $7,384  million  in  FY  1974,  totaling  $54,186  million  over  a  ten- 
year  period  (an  average  of  $12,600  per  trainee).  Grants  were  awarded  to  a 
total  of  112  medical  and  dental  schools,  cancer  institutes,  and  selected  major 
hospitals  affiliated  with  medical  schools  during  this  period.  There  are  12 
Clinical  Cancer  Training  grants  currently  receiving  continuing  support  in  FY 
1976  for  a  total  of  $1,723  million.  These  grants  are  supporting,  by  means  of 
stipends,  the  training  of  approximately  250  undergraduate  and  graduate  trainees. 

The  Clinical  Cancer  Training  grants  were  reviewed  by  two  technical  review  com- 
mittees especially  established  for  this  purpose;  one  committee  reviewed  only 
applications  from  schools  of  dentistry.  These  committees  were  abolished  in 
1973.   In  1974,  a  new  24-member  committee,  known  as  the  Clinical  Cancer  Educa- 
tion Committee,  was  chartered  to  review  applications  for  the  new  grants.  Since 
January  1975,  this  Committee  has  reviewed  108  applications  and  made  program 
site  visits  to  81  institutions. 

The  first  Clinical  Cancer  Education  grants  were  awarded  in  June  1975  to  51 
institutions  for  a  total  budget  of  $5  million.  Since  then,  41  applications 
have  been  approved  for  a  total  budget  of  $3,168  million.  The  FY  1976 


75 


appropriation  for  this  Program  is  $7,492  million,  which  will  permit  payment  of 
51  continuation  grants  at  $5,293  million  and  23  of  the  41  approved  new  grant?— 

PROGRAM  ACCOMPLISHMENTS 

The  benefits  of  support  for  educational  programs  cannot  be  judged  by  the  same 
criteria  used  for  scientific  research  because  the  goals  differ.  Improvements 
in  the  scope  and  quality  of  cancer  instruction,  in  the  extent  of  multidisci- 
plinary  cancer  teaching  activities,  in  the  numbers  of  undergraduate  and  grad- 
uate students  seeking  specialized  periods  of  cancer  instruction,  and,  ulti-  ^ 
mately,  improvements  in  the  quality  of  care  provided  to  cancer  patients  by 
students  and  practitioners  receiving  their  training  at  institutions  supported 
by  Clinical  Cancer  Education  grants,  are  difficult  to  measure.  The  numbers 
of  trainees  receiving  specialized  cancer  training  can  no  longer  be  documented 
by  the  numbers  of  stipends  dispensed. 

In  subjective  assessments  of  the  impact  of  the  earlier  Clinical  Cancer  Train- 
ing Program,  both  staff  members  of  the  National  Cancer  Institute  and  indivi- 
duals and  groups  of  health  professionals  particularly  concerned  with  cancer 
teaching  have  concluded  that  the  continuing  emphasis  upon  oncology  provided  by 
both  the  old  and  present  Programs  has  maintained  a  heightened  interest  in  can- 
cer education,  and  has  helped  to  promote  collective  thinking  and  actions  con- 
cerning many  aspects  of  cancer  at  grantee  institutions.  Most  of  the  new  Clin- 
ical Cancer  Education  grantees  had  the  former  type  of  grant,  and  site  ■'  ■ 
to  these  institutions  have  been  impressed  with  the  extent  to  which  the  goa i s 
of  the  earlier  program  have  been  achieved,  particularly  in  terms  of  curriculuii^ 
revisions,  cancer  elcctives,  and  the  development  of  specialized  grad'|-■^f     C- 
training  programs. 

In  order  to  arrive  at  a  more  objective  means  of  assessing  the  quality  of  cancer 
education,  one  active  grantee  institution  with  a  staff  of  individuals  particu- 
larly qualified  in  the  field  of  medical  education  is  undertaking  a  special  pro- 
ject to  develop  Guidelines  for  the  Evaluation  of  Cancer  Education  Programs. 
Additional  funds  have  been  added  to  the  grant  for  this  purpose,  and  results  of 
the  study  should  be  available  shortly  after  the  end  of  the  current  fiscal  year. 
The  program  director.  Dr.  Richard  Caplan,  Associate  Dean  for  Continuing  Medical 
Education,  University  of  Iowa  Medical  Center,  supported  by  grant  R25  CA  18017, 
has  held  a  series  of  workshops  on  this  subject  at  which  experts  in  medical  ed- 
ucation, cancer,  educational  psychology,  and  program  analysis  have  pooled  their 
knowledge  and  experience  to  develop  a  manual  which  will  be  useful  both  to  edu- 
cators in  the  health  professions  and  to  those  responsible  for  education  program 
planning  and  analysis. 

Three  information  items  have  been  prepared  during  the  past  year.  These  include 
a  document  developed  by  the  Clinical  Cancer  Education  Committee  entitled  "Essen- 
tials of  Cancer  Education,"  and  two  publications  on  the  Training  Programs  of 
the  National  Cancer  Institute,  which  appeared  in  the  October  1975  issues  of 
Cancer  Research  and  Journal  of  the  National  Cancer  Institute. 
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PROJECTIONS 

The  Clinical  Cancer  Education  Program  can  have  national  impact  only  if  funds 
continue  to  be  obligated  for  this  purpose.  Further,  there  is  a  need  to  pro- 
vide additional  support  for  the  training  of  an  increased  number  of  clinical 
oncologists,  particularly  in  the  specialties  of  medical  oncology,  pediatric 
hematology-oncology,  radiation  therapy,  gynecologic  oncology,  surgical  oncol- 
ogy, and  cancer  epidemiology.  In  order  to  determine  the  need  for  these  spe- 
cialists more  objectively,  a  contract  was  awarded  to  Geomet,  Inc. ,  Gaithersburg, 
Maryland  (NOl-CB-64017) ,  on  December  12,  1975.  This  study  will  be  based  on  the 
current  and  projected  volume  of  cancers  of  the  types  most  appropriate  to  their 
specialized  expertise  in  order  to  determine  finite  needs  in  four  of  these  spe- 
cialties for  which  no  such  data  were  readily  available.  Guidelines  for  a  new 
specialized  cancer  training  program  have  been  developed  and  await  the  results 
of  this  study  for  further  consideration. 

Additional  projects  which  should  be  carried  out  in  the  immediate  future  include 
the  development  of  criteria  for  cancer  education  in  residency  programs  and  in 
medical  specialties  other  than  those  mentioned  above,  such  as  gastroenterology. 
A  conference  on  specialized  training  in  gastrointestinal  oncology  will  be  held 
in  September-October,  1976.  Additional  expenditures  of  funds  will  be  required 
to  conduct  these  activities. 


OTHER  ACTIVITIES 

Coordination  is  maintained  with  the  Training  Branch,  the  Resources  Branch, 
Division  of  Cancer  Control  and  Rehabilitation,  and  to  a  lesser  extent  with  the 
Office  of  Cancer  Communications  of  the  National  Cancer  Institute.  Active  par- 
ticipation is  maintained  in  the  activities  of  the  American  Association  for 
Cancer  Education  and  the  American  Cancer  Society.  Consultants  to  the  Program 
include,  in  addition  to  the  members  of  the  Clinical  Cancer  Education  Committee, 
numerous  clinical  oncologists  throughout  the  country  who  are  experts  in  cancer 
education;  50  such  individuals  have  provided  services  to  this  Program  in  the 
past  year. 
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RESEARCH  MANPOWER  DEVELOPMENT  BRANCH 

Barney  C.  Lepovetsky,  Ph.D.,  J.D.,  Chief 

During  FY  1975  $23,123,000  was  awarded  for  training  grants  and  fellowships, 
and  $2,806,000  in  Research  Career  and  Research  Career  Development  Awards.  Of 
special  interest  was  the  $8,121,000  investment  in  the  new  Institutional  Fel- 
lowship Program  authorized  by  the  National  Research  Service  Act  of  1974.  One 
hundred  eighty-nine  applications  for  this  kind  of  support  were  received  in 
eight  areas  of  research  in  need  of  additional  scientific  personnel:  carcino- 
genesis, chemotherapy,  drug  development,  epidemiology,  immunology,  radiation, 
tumor  biology,  and  viral  oncology.  While  78  approved  applications  were  funded, 
50  highly  meritorious  ones  could  not  be  supported.  Those  programs  that  were 
funded  were  hampered  somewhat  in  their  early  recruiting  efforts  by  the  wide- 
spread concern  of  potential  trainees  as  to  the  ramifications  of  the  new  pay- 
back provisions.  Fortunately,  these  worries  gradually  seemed  to  subside  and 
in  the  final  analysis  may  not  have  been  a  major  obstacle  to  the  universities' 
recruiting  efforts. 

Complementing  the  new  institutional  fellowship  program,  the  National  Research 
Service  Awards  individual  fellowship  program  was  also  begun.  Two  hundred 
forty-seven  awards  in  the  eight  areas  mentioned  above  were  made  at  a  cost  of 
more  than  $2,761,000.  Unfortunately,  many  exceptionally  good  applications 
could  not  be  funded  for  lack  of  money. 

After  the  two-year  hiatus  in  funding  new  national  research  training  and  fellow- 
ship programs,  the  National  Research  Service  Awards  grants  were  welcomed  by 
everyone  interested  in  assuring  a  continuance  of  excellence  in  research  train- 
ing programs.  The  welcome  was  dampened,  however,  by  an  apprehension  that  both 
the  legislative  and  executive  branches  would  be  reluctant  to  provide  sufficient 
funds  on  a  long-term  basis  to  insure  stability  in  these  programs.  For  instance, 
it  is  anticipated  that  no  new  training  grants  will  be  made  this  year  and  that 
•there  will,  in  fact,  be  a  net  reduction  in  the  existing  training  programs  of 
about  30  TOl  projects. 

Again  this  year,  the  National  Institutes  of  Health's  Division  of  Research  Grants 
was  unable  to  review  institutional  research  fellowship  applications.  The 
National  Cancer  Institute  rechartered  the  40-member  Temporary  Cancer  Institu- 
tional Fellowship  Review  Committee.  In  April,  that  Committee  evaluated  about 
120  applications  that  had  been  received  by  the  end  of  February  1976.  Those 
recommended  for  funding  by  the  National  Cancer  Advisory  Board  at  its  June  1976 
meeting  will  be  considered  for  funding  in  the  next  fiscal  year. 

In  the  immediate  future  the  national  cancer  research  effort  faces  not  only  gen- 
erally reduced  research  training,  but  also  the  danger  of  being  limited  to 
training  areas  identified  by  personnel  projections  that  may  not  be  accurate  or 
timely. 
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THE  CENTERS  AND  TREATMENT  PROGRAM 

Simeon  T.  Cantril,  M.D.,  Associate  Director 

HISTORY  AND  CONTENT  OF  PROGRAM 

Since  the  early  1960's,  the  entity  now  known  as  the  Centers  and  Treatment  Pro- 
gram has  supported  research  in  all  of  the  scientific  areas  which  are  now  des- 
ignated as  major  thrusts  of  the  National  Cancer  Program:  detection  and  diag- 
nosis, cause  and  prevention,  cancer  treatment,  and  cancer  biology.  This  re- 
search is  funded  through  peer  reviewed  grants  of  several  types:  Individual 
Research  Project  Grants;  Research  Program  Project  Grants,  which  combine  a  num- 
ber of  related  clinical  or  preclinical  research  endeavors  carried  out  by  a 
coordinated  group  of  scientists;  Exploratory  Studies  Grants,  which  support  the 
planning  and  development  of  cancer  research,  treatment,  and  outreach  capabili- 
ties of  cancer  centers;  Research  Facilities  Construction  Grants,  which  provide 
funding  for  construction  or  renovation  of  needed  cancer  facilities;  and  more 
recently.  Cancer  Center  Support  (Core)  Grants,  which  support  the  central  per- 
sonnel, facilities,  and  services  required  for  the  establishmenti  coordination, 
operation,  and  development  of  a  unified  cancer  centers  program.  All  of  these 
types  of  grants  are  available  to  support  appropriate  programs  at  comprehensive 
or  noncomprehensive  cancer  centers,  and  are  administered  and  monitored  by 
staff  of  the  Centers  and  Treatment  Program.  Cancer  centers  also  receive  a 
variety  of  support  from  the  Biomedical  Research  Program  of  the  DCRRC,  as  well 
as  from  other  NCI  Divisions. 

During  FY  1976,  the  Division  of  Cancer  Research  Resources  and  Centers  was 
reorganized,  with  resulting  changes  for  the  Centers  and  Treatment  Program, 
previously  called  the  Cancer  Centers  Program.  The  Centers  Branch  and  the 
Research  Facilities  Branch  have  continued  to  operate  under  the  Office  of  the 
Associate  Director  for  Centers  and  Treatment,  while  a  third  Branch,  Diagnosis 
and  Treatment,  was  added  to  the  Program.  This  newly  established  Branch 
brought  together  some  programs  which  were  previously  assigned  to  other  Branches 
of  the  DCRRC.  It  now  includes  the  Detection  and  Diagnosis,  Clinical  Oncology, 
Drug  Development  and  Pharmacology,  Radiation  Therapy,  and  Radiation  Biology 
and  Physics  Programs.  The  coordination  of  these  three  Branches  through  the 
Office  of  the  Associate  Director  in  one  aspect  reflects  the  existing  and 
rapidly  developing  coordination  at  cancer  centers  themselves  of  programs  in 
diagnosis,  treatment,  and  research  of  a  multidisciplinary  nature  designed  to 
upgrade  cancer  care  on  a  nationwide  basis.  The  change  also  gives  an  appro- 
priate organizational  visibility  to  the  importance  and  volume  of  clinical 
research  which  is  being  carried  out  in  cancer  centers. 

PROGRAM  ACCOMPLISHMENTS 

In  the  period  since  1971,  the  Centers  and  Treatment  Program  has  continued  to 
respond  to  the  directives  of  the  National  Cancer  Act  and  the  Amendments  of 
1974  by  promoting  the  growth,  development,  and  coordination  of  cancer  centers 
across  the  country  which  could  advance  scientific  knowledge  about  neoplastic 
disease,  speed  its  effective  application  to  the  treatment  of  patients,  provide 
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the  mul tidisciplinary  expertise  needed  for  training  in  cancer,  and  provide 
expert  demonstration  and  education  programs  in  cooperation  with  other  health 
agencies  in  their  areas.   In  pursuing  this  goal,  the  Associate  Director  for  ^ 
Centers  and  Treatment  coordinates  the  administrative  functions  of  the  three 
Branches  under  his  administration  and  maintains  close  cooperation  with  the 
Associate  Director  for  Biological  Research,  the  Clinical  and  Research  Manpower 
Branches,  and  also  with  those  offices  in  other  NCI  Divisions  closely  related 
to  the  Centers  and  Treatment  Program,  especially  Cancer  Control  and  Rehabili- 
tation, the  Communications  Office,  the  NCI  Program  Planning  and  Analysis  Office, 
and  the  Division  of  Cancer  Treatment.  Such  coordination  within  the  NCI  has 
been  intensified  during  FY  1976  in  response  to  the  accelerated  development  am 
increasing  visibility  at  both  national  and  local  levels  of  the  Cancer  Centers. 
Regular  meetings  have  been  held  with  staff  of  the  Division  of  Cancer  Control 
and  Rehabilitation.  Special  meetings  have  been  conducted  to  produce  greater 
coordination  between  the  Centers  and  Treatment  Program  and  the  Review  and 
Referral  Branch  of  DCRRC,  the  review  committees  which  handle  grants  to  Cancer 
Centers,  and  the  National  Cancer  Advisory  Board,  through  its  Subcommittee  on 
Centers  and  Construction.  Combined  efforts  have  continued  in  the  area  of  com- 
munications, especially  with  regard  to  Communication  Offices  in  Cancer  Centers, 
with  the  NCI  Office  of  Cancer  Communications  and  the  Division  of  Cancer  Control 
and  Rehabilitation  (DCCR).  Similarly,  joint  efforts  have  been  directed  toward 
an  effective  system  for  collection  of  nationally  compatible  data  on  cancer 
through  cooperation  with  the  International  Cancer  Research  Data  Bank  and  the 
NCI  Surveillance  Epidemiology  and  End  Results  (SEER)  Program. 

In  conjunction  with  the  Subcommittee  on  Centers  and  Construction  of  the  NCAB, 
three  Board  site  visits  were  conducted  during  FY  1976  to  evaluate  institutions 
which  had  requested  recognition  as  Comprehensive  Cancer  Center  Programs.  On^ 
of  these  institutions,  Ohio  State  University,  was  subsequently  recognized  by  ' 
the  National  Cancer  Institute  as  the  18th  Comprehensive  Cancer  Center.  In 
addition,  a  nationwide  panel  of  scientists  with  special  expertise  in  cancer 
has  been  assembled  and  is  currently  involved  in  the  second  round  of  a  study 
utilizing  the  Delphi  Technique  aimed  at  developing  parameters  to  permit  future 
evaluation  of  expanding  centers  for  degree  of  comprehensiveness,  and  also  the 
review  of  existing  Comprehensive  Cancer  Center  Programs  in  order  to  document 
and  upgrade  the  quality  of  these  Centers. 

PROJECTIONS 

One  of  the  earliest  tangible  outcomes  of  the  current  emphasis  upon  coordinated 
approach  to  the  improvement  of  Cancer  Centers  has  been  the  revision  of  Guide- 
lines for  Cancer  Center  Support  and  Exploratory  Study  Grants,  which  were  devel- 
oped on  the  basis  of  \/ery   widespread  input  from  all  sectors  of  the  NCI,  as  wei^- 
as  from  many  outside  advisors.  Work  has  also  been  underway  and  is  expected  tc 
produce  similar  guideline  revisions  in  the  near  future  for  Cancer  Research  Fa- 
cilities Grants  and  Research  Program  Project  Grants.  Meetings  for  Cancer  Cen- 
ter Director"^,  are  being  planned  in  a  coordinated  fashion.   It  is  expected  that, 
in  the  future,  these  meetings  will  be  held  probably  on  a  semi-annual  basis, 
with  agendas  structured  to  represent  topics  of  concern  to  all  NCI  Divisions 
and  Offices,  as  well  as  to  the  various  centers  themselves. 
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An  extensive  study  is  underway  to  develop  a  planning  process  for  program  eval- 
uation of  the  Centers  and  Treatment  Program,  which  is  also  expected  to  lead  to 
the  formulation  of  a  long-range  plan  for  the  Program  as  a  whole.  An  examina- 
tion and  analysis  of  all  relevant  documents  relating  to  the  Program  has  been 
completed,  and  this  has  resulted  in  the  identification  of  the  major  issues  in 
need  of  resolution  at  the  current  time  and  of  the  several  levels  of  policy- 
making inputs  and  reporting  requirements  for  the  Centers  and  Treatment  Program. 

The  major  concern  of  the  Centers  and  Treatment  Program  continues  to  be  the 
achievement  of  the  best  possible  geographic  and  scientific  balance  of  a  varie- 
ty of  Cancer  Centers  which  are  able,  because  of  the  many  kinds  of  support  fur- 
nished to  multidisciplinary  teams  of  dedicated  scientists  and  physicians,  to 
create  and  disseminate  scientific  knowledge  which  will  be  of  the  utmost  benefit 
to  cancer  patients.  This  goal  calls  for  a  complex  ordering  of  priorities  based 
upon  a  wide  variety  of  considerations  which  must  be  given  proper  balance.  This 
effort  to  coordinate  all  of  the  available  resources  in  order  to  produce  the 
best  possible  benefits  for  cancer  patients  is  expected  to  continue  in  the  future, 
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DIAGNOSIS  AND  TREATMENT  BRANCH 

Roger  H.  Halterman,  M.D.,  Chief 

HISTORY  AND  CONTENT  OF  PROGRAM 

The  Branch  Chief  for  Diagnosis  and  Treatment  reports  to  the  Associate  Director 
for  Cancer  Centers  and  Treatment,  Division  of  Cancer  Research  Resources  and 
Centers.  When  the  Division  was  reorganized,  several  program  areas  previously 
administered  through  the  Clinical  Investigations  Branch  were  included  in  the 
Diagnosis  and  Treatment  Branch.  In  addition,  the  entire  clinical  research 
effort  from  the  Cancer  Centers  Program  was  shifted  to  this  Branch,  along  with 
the  Pharmacology  Program.  For  purposes  of  programmatic  continuity,  the  Immu- 
nology Program  was  transferred  out  of  the  Branch.  The  Branch  Chief  directs 
and  coordinates  the  operations  of  the  following  program  areas:  Pharmacology, 
Clinical  Oncology;  Radiation  Biology,  Therapy,  and  Development;  Prevention, 
Detection,  and  Diagnosis;  and  the  clinical  programs  in  Cancer  Centers. 

The  Diagnosis  and  Treatment  Branch  functions  as  the  organizational  focal  point 
for  grant-supported  clinically  oriented  research  programs.  The  current  program 
areas  of  the  Branch  are:  Clinical  Oncology,  including  Supportive  Care  Research, 
Chemotherapy,  Surgery,  and  Multimodal ity  Therapy;  Radiation,  including  Radiation 
Biology,  Radiation  Therapy,  and  Radiation  Development;  Diagnosis  Research  and 
Prevention;  Pharmacology;  and  Clinical  Research  Activities  in  the  Centers  Pro- 
gram. Detailed  reports  for  each  of  these  programs  follow. 

PREVENTION,  DETECTION,  AND  DIAGNOSTIC  RESEARCH  PROGRAM 

Roger  H.  Halterman,  M.D.,  Acting  Program  Director 

This  program,  begun  in  the  1960's,  is  involved  primarily  in  programs  and  pro- 
jects related  to  the  prevention,  early  detection,  and  diagnosis  of  cancer;  to 
the  application  of  such  knowledge  to  populations  known  to  be  at  high  risk;  and 
to  the  current  dissemination  of  this  knowledge  to  the  broad  field  of  health 
professionals.  The  program  is  interested  in  and  concerned  with  the  improve- 
ment of  current  techniques  as  well  as  the  encouragement  and  development  of  new 
modalities.  To  accomplish  major  program  objectives,  the  following  areas  are 
stressed:  (1)  Promoting  the  development  of  new  resource  facilities  to  aid  in 
the  establishment  of  prevention-oriented  projects.  This  includes  the  develop- 
ment of  mechanisms  for  identifying  high-risk  populations  through  detection  of 
predisposing  and/or  commonly  associated  laboratory,  clinical,  and  other  factors 
through  existing  and  new  technology.  (2)  Evaluation  and  improvement  of  known 
diagnostic  procedures  by  application  to  selected  subgroups  of  the  population. 
(3)  Utilization  of  current  leads  in  the  field  of  biological  science,  instru- 
mentation, and  computer  technology  to  develop  new  diagnostic  procedures.  Of 
particular  importance  in  this  area  is  the  development  of  noninvasive  diagnos- 
tic methods. 
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The  program  maintains  a  continuing  survey  and  evaluation  of  the  state  of  knowl- 
edge regarding  populations  known  to  be  at  high  risk.  This  necessitates  a  close 
liaison  with  other  programs  of  the  National  Cancer  Institute  and  other  Federal 
programs  concerned  with  identifying  potential  carcinogenic  agents,  and  monitor- 
ing individuals  known  to  be  at  risk  of  exposure  and  ultimately  at  risk  of  de- 
veloping a  malignant  disease.  The  program  thus  follows  closely  developments 
and  accomplishments  in  advancing  the  prevention,  detection,  and  ultimate  treat- 
ment of  human  cancer.  In  addition,  this  program  is  concerned  with  identifying 
special  needs  and  opportunities  where  increased  or  specialized  manpower  facili- 
ties and  efforts  might  be  productive.  As  new  opportunities  for  advancement  are 
identified,  the  program  is  responsible  for  developing  activities  in  these  areas 
and  for  providing  continuing  technical,  administrative,  and  financial  support. 
Special  emphasis  will  be  given  to  the  development  of  regional  resource  capabil- 
ities to  fulfill  these  program  responsibilities. 

CLINICAL  ONCOLOGY  PROGRAM 

Roger  H.  Halterman,  M.D.,  Acting  Program  Director 

The  Clinical  Oncology  Program  now  encompasses  the  activities  of  Supportive  Care 
Research;  single  Modality  Research  in  the  areas  of  Chemotherapy,  Surgery,  Radi- 
ation Therapy;  and  the  combined  activities  of  all  these  disciplines  into  a  co- 
ordinated effort.  The  program  continues  to  provide  scientific  direction  for 
grant-supported  research  involving  the  use  of  drugs,  surgery,  and  radiation  in 
the  treatment  of  cancer.  The  four  major  thrusts  of  the  program  are:   (1)  clin- 
ical therapeutics,  (2)  developmental  studies,  (3)  toxicity,  and  (4)  cancer- 
related  disorders.   In  addition  to  these  primary  treatment  thrusts,  the  program 
has  an  area  of  supportive  care  research  which  is  directed  towards  developing 
the  necessary  knowledge  to  permit  long-term  control  of  hemorrhage  by  repeated 
platelet  transfusion  and  control  of  infection  by  leukocyte  transfusions  and 
protective  environments. 

For  the  first  time,  this  program  brings  together  into  one  unified  and  identi- 
fiable program  all  of  the  needed  resources  to  carry  out  productive  clinical  re- 
search. The  major  emphasis  for  the  entire  Clinical  Oncology  Program  is  devel- 
opment of  more  efficient  and  improved  techniques  for  both  the  diagnosis  and 
treatment  of  human  cancer.  Other  appropriate  studies  include  the  natural  his- 
tory of  human  cancer,  the  body's  immune  defense  mechanisms,  the  elucidation  of 
effects  of  various  treatments  and  related  tissue  responses,  and  the  importance 
of  host  factors  in  disease  occurrence,  rate  of  progression,  curability,  etc. 
Improved  experimental  design,  data  retrieval,  and  statistical  analysis  are  also 
integral  aspects  of  this  program.  Examples  of  studies  supported  in  this  area 
are:  (1)  Therapeutic  studies  of  all  types,  alone  or  in  combination,  i.e.  sur- 
gery, chemotherapy,  radiation,  immunotherapy,  or  combinations  thereof.   (2) 
Studies  of  therapeutic  adjuvants  of  all  types  including  protected  environment, 
platelet  transfusion,  and  preservation,  etc. 
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RESEARCH  ACCOMPLISHMENTS 

The  following  are  examples  of  recently  published  work  supported  by  the  Preven- 
tion, Detection,  and  Diagnosis  Research  Program  and  the  Clinical  Oncology  Pro- 
gram. 

X-rays  of  the  pancreatic  duct  can  now  be  obtained  by  a  nonoperative  endoscopic 
approach  (endoscopic  retrograde  cholangiopancreatography,  ERCP).  White  and 
Silverstein  (1976)  report,  after  more  than  two  years'  experience  with  this 
technique,  that  the  pancreatic  duct  can  be  visualized  in  85  to  90%  of  patients. 
The  test  can  be  used  to  detect  pancreatic  carcinoma  in  a  symptomatic  patient 
and  to  search  for  an  operative  pancreatic  lesion  in  a  patient  with  known  recur- 
rent or  chronic  pancreatitis.  Stenosis  or  obstruction  of  the  main  pancreatic 
duct  with  or  without  proximal  duct  dilation  are  the  characteristic  abnormali- 
ties noted  in  pancreatic  carcinoma.  In  patients  with  chronic  pancreatitis  it 
may  be  difficult  to  differentiate  an  inflammatory  from  a  neoplastic  stricture 
by  either  operative  or  endoscopic  pancreatography.  In  the  future,  cytologic 
and  biochemical  examination  of  the  pancreatic  secretions  obtained  at  ERCP  may 
increase  the  accuracy  of  diagnosing  carcinoma. 

Urinary  excretion  of  nonesterified  cholesterol  (NEC)  in  170  women  with  cervical 
and  endometrial  carcinomas  has  been  investigated  (Acevedo  et  al . ,  1975).  The 
results  showed  NEC  hyperexcretion  in  65  of  68  women  with  active  carcinoma  of 
the  cervix,  including  13  patients  with  carcinoma  in  situ,  and  in  42  of  45  women 
with  active  carcinoma  of  the  endometrium.  In  contrast,  NEC  excretion  was  nor- 
mal in  all  (77)  patients  with  other  malignant  and/or  benign  diseases  of  the 
pelvic  organs  or  with  non-steroid-related  neoplasms;  in  39  of  48  patients  with 
benign  and/or  malignant  breast  disease  other  than  carcinoma;  and  in  101  of  111 
patients  with  a  variety  of  non-neoplastic  diseases. 

Sequential  studies  in  patients  with  uterine  carcinomas  demonstrated  an  almost 
perfect  correlation  between  NEC  excretion  and  the  clinical  status  of  the  patient 
following  surgical  and/or  radiation  therapy.  It  appears,  therefore,  that  urin- 
.ary  NEC  determinations  can  be  used  as  an  additional  diagnostic  biochemical  test 
to  detect  active  carcinoma  of  the  steroid-producing  glands  and  their  main  target 
organs,  and  that  in  women  with  uterine  carcinomas,  the  test  can  be  used  as  an 
objective  laboratory  method  to  monitor  the  course  of  the  disease  and  the  re- 
sponse of  the  patient  to  therapy. 

As  part  of  a  program  directed  toward  elucidation  of  the  role  of  viruses  in  mouse 
and  human  breast  cancer,  a  variety  of  immunological  techniques  were  applied  to 
a  study  of  the  humoral  immune  response  of  mice  and  of  humans  to  their  breast 
tumors  (Bowen  et  al . ,  1976).  Tumor-bearing  mice  were  found  to  produce  anti- 
bodies against  a  complex  array  of  tumor  cell -associated  antigens.  Tumor-free 
mice,  whether  of  high  or  low  mammary  cancer  incidence  strains,  were  remarkably 
free  of  antibodies  that  could  label  mouse  mammary  tumor  virus  (MMTV)  particles, 
although  some  sera  contained  antibodies  to  viral  components. 

Patients  with  breast  cancer  also  had  antibodies  against  a  variety  of  antigens 
associated  with  their  own  and  homologous  breast  cancer  cells.  These  antibodies 
reacted  with  heterophile,  embryonic,  and  other  tumor-associated  antigens,  some 
of  which  appeared  to  be  viral.  Sera  of  some  patients  with  breast  cancer  gave 
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positive  immunofluorescence  reactions  with  mouse  mammary  tumor  cells  grown  in 
tissue  culture  and  producing  MMTV.  Although  human-mouse  cross-reactions  must 
be  interpreted  with  caution,  these  data  suggest  that  a  virus  putatively  associ-  ^ 
ated  with  human  breast  cancer  is  antigenically  related  to  MMTV.  W 

For  the  past  several  decades,  the  5-year  survival  rates  for  patients  with  osteo- 
genic sarcoma  have  remained  virtually  unchanged,  ranging  between  10  and  20%.  A 
four-drug  adjuvant  regimen  was  begun  in  1971  by  the  Southwest  Oncology  Group 
for  treating  patients  with  nonmetastatic  osteogenic  sarcoma.  All  patients  had 
surgical  amputation  for  the  primary  lesion,  followed  by  cyclophosphamide,  vin- 
cristine, melphalan,  and  adriamycin  in  defined  combinations  intermittently  over 
a  72-week  period.  Of  the  18  patients,  10  (55%)  remain  free  of  disease  24  months  p 
or  longer  from  the  time  of  amputation.  In  the  comparison  series  (33  children 
treated  by  surgery  alone  between  1953  and  1972  at  M.D.  Anderson  Hospital),  the 
time  to  appearance  of  metastases  ranged  from  1  to  18  months,  with  the  median  at 
4  months.  In  the  latter  series,  90%  of  the  treatment  failures  among  these 
patients  had  developed  metastases  within  12  months.  Therefore,  it  seems  un- 
likely that  any  of  the  10  disease-free  patients  in  this  study  will  develop 
"late"  metastases. 

The  use  of  high  dose  methotrexate  (with  citrovorum  factor  rescue)  plus  adria- 
mycin as  adjuvants  immediately  after  surgery  for  metastatic  osteogenic  sarcoma 
has  increased  the  1-  and  2-year  disease-free  survival  rate  to  between  50  and 
80%.  In  an  attempt  to  avoid  amputation  of  a  weight-bearing  limb,  a  program  of 
preoperative  chemotherapy  followed  by  total  femur  and  knee  replacement  with  a 
vitallium  prosthesis  for  osteogenic  sarcoma  of  the  distal  femur  was  begun  at 
Memorial  Sloan-Kettering  Cancer  Center  in  1973.  Initial  results  of  treatment 
in  the  first  20  patients  entered  in  this  program  have  recently  been  described    ^ 
(Rosen  et  al.,  1976).  Eighteen  of  the  patients  had  clinically  measurable  pri-  w 
mary  tumors  and  17  of  these  demonstrated  a  decrease  in  tumor  size  prior  to  sur- 
gery, while  on  chemotherapy.  Twelve  of  these  patients  with  osteogenic  sarcoma 
of  the  distal  femur  have  had  total  femur  and  knee  joint  replacement,  and  three 
patients  with  osteogenic  sarcoma  of  the  proximal  tibia  have  had  total  knee  re- 
placement. 

Although  the  first  patient  treated  had  extensive  soft  tissue  ana  muscle  resected 
at  the  time  of  surgery,  she  walks  well  with  the  aid  of  a  cane  and  has  full  range 
of  motion  of  the  hip.  Two  patients  entered  into  treatment  with  pulmonary  metas- 
tases. In  one,  the  metastases  completely  disappeared  following  initial  chemo- 
therapy prior  to  surgery.   In  the  other,  who  had  bilateral  multiple  small  pul- 
monary metastases,  the  metastatic  tumors  did  not  appear  to  grow  during  the  three 
months  of  preoperative  chemotherapy.  After  total  femur  and  knee  replacement, 
the  patient  underwent  bilateral  thoracotomies  and  all  of  the  nodules  were  com- 
pletely removed;  there  was  no  evidence  of  viable  tumor  cells.  ^ 

f 

There  has  been  no  evidence  of  soft  tissue  recurrence  in  any  of  the  15  patients 
who  have  undergone  surgery.  The  ultimate  evaluation  of  this  approach  to  treat- 
ment of  primary  osteogenic  sarcoma  awaits  longer  observation  to  determine  limb 
function  and  the  continued  disease-free  status,  once  adjuvant  chemotherapy  is 
discontinued. 
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Treatment  with  adriamycin  has  been  limited  to  induction  or  consolidation  ther- 
apy rather  than  long-term  maintenance  largely  because  of  severe  dose-dependent 
cardiomyopathy.  Since  adriamycin  appears  to  be  the  best  single  agent  for  a 
number  of  malignant  diseases,  and  in  some  types  of  cancer  is  the  only  drug  of 
therapeutic  significance,  the  clinical  and  pathologic  features  of  adriamycin 
cardiomyopathy  have  been  reviewed  and  risk  factors  determined  (Minow  et  al . , 
1975).  Two  types  of  cardiac  effects  are  attributed  to  adriamycin:  (1)  various 
nonspecific  electrocardiogram  abnormalities,  and  (2)  dose-related  congestive 
heart  failure.  Attempts  are  being  made  to  detect  adriamycin-induced  cardio- 
toxicity  before  clinically  significant  damage  has  occured.  In  addition,  sev- 
eral factors  which  increase  the  risk  of  cardiac  toxicity  developing  have  been 
identified:  cardiomyopathy  developed  at  lower  cumulative  doses  of  adriamycin 
in  patients  who  had  had  prior  radiotherapy  in  which  any  portion  of  the  heart 
was  included  in  the  treatment  field,  and  in  patients  who  had  received  cyclo- 
phosphamide concurrently  with  adriamycin.  Based  on  an  analysis  of  the  avail- 
able data,  recommendations  for  safe  use  of  adriamycin  have  been  established  by 
the  M.D.  Anderson  Hospital. 

Pelvic  exenteration  consisting  of  hystovaginectomy,  oophorectomy,  cystectomy, 
and  occasional  colon  resection  is  usually  recommended  as  the  treatment  of 
choice  for  rhabdomyosarcoma  of  the  vagina  and  uterus  in  children.  This  radi- 
cal operation  requires  diversion  of  urine  by  ureteroileostomy  or  ureterosig- 
moidostomy  and  occasional  colostomy.  Planned  coordinated  management  of  rhab- 
domyosarcoma and  pre-  and  postoperative  chemotherapy  and  radiotherapy  has  made 
possible  a  less  radical  anterior  exenteration  in  patients  with  vaginal  and 
uterine  involvement  and  morbidity  and  mortality  associated  with  cystectomy  and 
urinary  diversion  can  now  be  avoided,  without  any  apparent  reduction  in  long- 
term  tumor-free  survival. 

Kumar  et  al.  (1976)  report  on  three  children  whose  rhabdomyosarcomas  of  the 
vagina  or  uterus  were  managed  by  modified  radical  resection  combined  with  pre- 
and/or  postoperative  chemotherapy  and  high-dose  irradiation.  Two  patients  had 
complete  tumor  regressions  following  preoperative  chemotherapy  (vincristine, 
cyclophosphamide,  and  dactinomycin)  and  irradiation.  The  third  patient 
received  no  preoperative  therapy  but  was  given  postoperative  radium  implanta- 
tion, irradiation,  and  chemotherapy.  The  surgical  approach  consisted  of  hysto- 
vaginectomy and  oophorectomy  without  urinary  diversion.  These  patients  are 
free  of  tumor  for  32,  44,  and  54  months,  respectively.  There  were  no  serious 
toxic  reactions  to  the  drugs,  nor  any  significant  postoperative  urinary  tract 
problems. 

There  has  been  a  gratifying  increase  in  the  survival  of  children  with  cancer 
as  a  result  of  more  effective  methods  of  treatment  that  have  evolved  during 
recent  years.  Radiation  and  many  of  the  drugs  used  to  treat  cancer  are  them- 
selves carcinogenic  under  certain  conditions,  however.  A  study  was  therefore 
inaugurated  in  order  to  determine  the  late  consequences  of  therapy  (D'Angio 
et  al . ,  1976),  One  hundred  two  long-term  survivors  of  childhood  cancers  with 
second  malignant  neoplasms  were  collected  from  ten  institutions.  Forty-seven 
cases  fulfilling  study  criteria  were  studied  to  determine  the  risk  of  develop- 
ing a  second  malignancy  in  irradiated  fields  after  exposure  to  various  chemo- 
therapeutic  agents.  The  case-control  method  was  used  for  these  determinations. 
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The  risk  of  developing  such  tumors  was  decreased  by  a  factor  of  7  in  patients 
receiving  actinomycin-D.  The  "protective"  effect  of  this  drug  was  more  pro- 
nounced in  patients  receiving  repeated  courses  of  actinomycin.  No  change  in  M 
relative  risk  was  found  for  children  given  antifolates,  the  vinca  alkaloids, 
or  alkylating  agents.  Actinomycin-D  "protection"  was  an  unexpected  finding 
because  the  drug  is  oncogenic  in  animals  and  enhances  radiation,  also  a  known 
oncogen.  These  results  indicate  the  need  for  careful  long-term  observation  of 
cancer  survivors  to  determine  the  late  effects  of  multimodal  cancer  treatment. 

The  risk  of  infection  is  especially  high  among  patients  with  hematologic  ma- 
lignancies because  bone  marrow  function  is  often  compromised  by  the  disease   m- 
process  as  well  as  by  cytotoxic  therapy.  Since  serious  infections  can  develop" 
in  these  patients  even  while  they  are  in  protected  environment  units,  records 
of  102  studies  on  89  patients  have  been  reviewed  to  determine  the  sites  of  in- 
fection and  the  etiologic  agents  (Bodey  and  Rodriguez,  1975).  Major  infections 
occurred  during  22  studies.  The  majority  of  both  minor  and  major  infections 
originated  during  the  first  five  weeks  after  the  patients  entered  the  protected 
environment  units;  most  of  the  causative  organisms  had  persisted  in  the  patients 
after  their  entry  into  the  units  despite  the  use  of  prophylactic  antibiotics. 
The  majority  of  infections  were  cases  of  cellulitis,  pharyngitis,  pneumonia, 
and  septicemia.  Most  of  the  infections  were  caused  by  Gram-negative  bacilli. 
The  frequency  of  infectious  complication  was  inversely  related  to  the  circula- 
ting neutrophil  count. 

This  study  shows  that,  although  the  protected  environment-prophylactic  anti- 
biotic program  reduces  the  risk  of  infection,  the  distribution  of  infection  by 
site  and  causative  organism  in  patients  in  such  a  program  is  similar  to  that 
of  other  cancer  patients.  Further  reduction  in  infection  in  cancer  patients  M 
on  the  protected  environment-prophylactic  antibiotic  program  will  require  the  " 
use  of  new  antibiotic  regimens  or  the  development  of  new  approaches  to  anti- 
biotic prophylaxis. 

Bone  marrow  transplantation  is  emerging  as  a  viable  therapeutic  approach  to  a 
number  of  usually  fatal  diseases.  A  successful  transplantation  program  is  a 
complex  clinical  effort  requiring  a  team  approach.  At  the  University  of  Cali- 
fornia School  of  Medicine  (UCLA),  the  team  consists  of  clinicians  from  the 
Departments  of  Pediatrics  and  Internal  Medicine,  clinical  pathologists,  geneti- 
cists, basic  scientists  from  the  Departments  of  Medical  Microbiology  and  Immu- 
nology, and  experts  in  tissue  typing  from  the  Department  of  Surgery.  The  pur- 
poses of  the  bone  marrow  transplantation  program  are  twofold:  the  application 
of  a  new  therapeutic  modality  to  the  management  of  malignant  disorders  with 
poor  prognosis;  and  research  directed  toward  improving  the  efficacy,  broadening 
the  applicability,  and  understanding  the  long-term  effects  of  marrow  transplan- 
tation. To  date,  30  transplants  have  been  done  at  UCLA  for  severe  aplastic    ^ 
anemia  and  acute  leukemia.  The  results  obtained  with  16  patients  have  recently* 
been  reported  (Cline  et  al . ,  1975);  the  additional  14  patients  have  been  treat- 
ed so  recently  that  results  can  not  yet  be  evaluated. 

Patients  are  prepared  for  bone  marrow  transplantation  by  pretreatment  with 
cytotoxic  drugs  and/or  total  body  irradiation.  They  are  also  kept  in  strict 
isolation,  bathed  daily  in  betadine,  and  receive  gastrointestinal  antibiotic 
prophylaxis.  After  transplantation,  as  prophylaxis  against  graft-versus-host 
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disease,  patients  receive  methotrexate.  All  post-transplant  blood  products 
are  irradiated  to  inhibit  engraftment  with  transfused  lymphocytes. 

Three  of  six  patients  treated  for  aplastic  anemia  have  achieved  complete  or 
partial  hematologic  recovery.  Of  four  patients  treated  for  refractory  acute 
lymphoblastic  leukemia,  three  are  still  living  (after  intervals  of  75  to  120 
days)  with  no  evidence  of  disease;  a  fourth  died  after  100  days, of  intersti- 
tial pneumonitis,  but  with  no  evidence  of  leukemia.  Two  of  six  patients 
treated  for  refractory  acute  myeloblastic  leukemia  are  alive  100+  and  150+ 
days  after  marrow  grafting;  neither  has  evidence  of  disease.  An  additional 
patient  died  after  47  days  of  renal  and  pulmonary  failure,  but  had  no  evidence 
of  leukemia  at  the  time  of  death.  Two  patients  died  of  recurrent  disease  and 
the  sixth  died  only  eight  days  after  therapy,  of  severe  intestinal  toxicity. 

Bone  marrow  transplantation  is  restricted  to  a  small  percentage  of  potential 
recipients  because  of  histocompatibility  barriers  that  cannot  be  overcome. 
The  prevention  and  control  of  graft-versus-host  disease  are  major  challenges 
to  extension  of  bone  marrow  transplantation.  Two  general  approaches  have  been 
explored:  removal  of  reacting  cells,  and  suppression  or  impairment  of  un- 
desired  immunologic  reactions.  With  greater  appreciation  of  the  mechanisms 
that  reduce  immune  response  and  with  better  methods  for  removal  of  particular 
cell  types,  efforts  to  control  and  prevent  graft-versus-host  reactions  will  be 
extended,  and  barriers  that  currently  prevent  extensive  use  of  bone  marrow 
transplantation  will  be  breached. 
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DRUG  DEVELOPMENT  AND  PHARMACOLOGY  PROGRAM 

Moreshwar  V.  Nadkarni,  Ph.D.,  Program  Director 

HISTORY  AND  CONTENT  OF  PROGRAM 

The  Drug  Development  Program  was  initiated  in  1966  as  one  of  six  units  of  the 
extramural  activities  program  structure.  It  remained  a  part  of  the  Biomedical 
Research  Program  of  this  Division  until  1976,  when  it  was  transferred  to  the 
Diagnosis  and  Treatment  Branch  of  the  Centers  and  Treatment  Program. 

The  workscope  of  the  Drug  Development  Program  concerns  the  development  and 
evaluation  of  chemotherapeutic  agents  which  act  specifically  or  selectively 
against  malignant  growth  with  minimal  toxicity  to  the  host.  The  primary  ob- 
jective is  to  provide  direction  and  encouragement  to  outstanding  investigators 
in  diverse  scientific  disciplines  to  pursue  research  in  the  chemical,  pharma- 
cological, and  cytological  aspects  of  abnormal  as  well  as  normal  growth  pro- 
cesses. The  Program  effort  encompasses  a  broad  range  of  research  activities 
involving  synthesis  of  new  antitumor  agents,  experimental  therapeutic  test 
systems,  pharmacological  and  toxicological  evaluation  in  preclinical  and  clin- 
ical stages,  and  studies  in  cell  kinetics,  mechanisms  of  drug  action  and  mol- 
ecular transformations,  particularly  those  related  to  the  control  of  neoplas- 
tic processes. 

During  FY  1976,  the  Drug  Development  Program  supported  394  Research  Project 
grants,  four  Specialized  Program  Project  grants,  and  one  Core  grant.  The  total 
monetary  commitment  was  $25.76  million  distributed  as  follows: 

Synthesis  and  Isolation:  (213  grants,  $10.41  million,  40%) 
Preparation  of  potential  anticancer  agents  through  synthetic  chemical  proces- 
ses or  by  isolation  from  microbial,  plant,  or  animal  sources.  Determination 
of  structure  and  identification  of  known  and  potential  chemotherapeutic  com- 
pounds. 

Preclinical  Drug  Evaluation:  (84  grants,  $5.05  million,  20%) 
Screening  tests  for  anticancer  activity,  experimental  therapeutics  and  toxi- 
cologic and  other  pharmacologic  studies,  criteria  for  selection  of  safe  and 
effective  dose  regimens,  countermeasures  for  toxicity. 

Mechanism  of  Drug  Action:  (94  grants,  $6.44  million,  25%) 
Physiological  disposition  and  drug  metabolism,  biotransformations,  mode  of 
action  relating  to  antitumor  and  pharmacologic  responses.  Basic  studies  for 
understanding  of  the  mechanisms  of  growth  inhibition;  cell  kinetics. 

Clinical  Pharmacology:   (3  grants,  $0.26  million,  1%) 

Pharmacologic  and  toxicologic  studies  and  experimental  therapeutic  investi- 
gations in  humans  through  controlled  clinical  trials  with  selected  drugs;  cor- 
relation of  preclinical  and  clinical  data. 

Research  Program  Projects  and  Core:  (5  grants,  $3.60  million,  14%) 
Broad  multidisciplinary  projects  or  intensive  effort  for  total  drug  evalua- 
tion including  research  in  synthesis,  experimental  therapeutics,  preclinical 
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toxicicology,  pharmacology,  mechanisms  of  drug  action,  and  clinical  pharmacol- 
ogy. 

RESEARCH  ACCOMPLISHMENTS 

Solid  Tumor  Models  for  Assessment  of  Treatment  Modalities: 

A  major  limitation  in  devising  successful  chemotherapy  of  solid  tumors  is  that 
only  a  fraction  of  all  tumor  cells  are  in  an  active  proliferative  stage.  The 
kinetic  parameters  of  such  cells  cannot  be  delineated  unless  their  morphology 
is  distinguished  and  studies  are  limited  to  biologic  assays  for  clonogenicity.  i 
Three  solid  tumor  models  adapted  from  transplantable  Morris  hepatoma  series 
serve  to  provide  critical  data  on  the  effects  of  chemotherapeutic  agents  at 
four  organizational  levels:  the  molecular,  cellular,  organ,  and  organism 
levels.  Detailed  investigations  (Looney  et  al.,  1976)  of  tumor  growth  rates 
of  rapid,  intermediate  and  slow-growing  type,  actual  volume  doubling  times, 
tumor  cell  cycles,  and  thymidine  labeling  indices  have  established  that  each 
specific  solid  tumor  line  possesses  a  unique  set  of  biological  characteristics 
which  could  serve  as  parameters  for  devising  improved  therapeutic  schedules. 
Different  modalities  of  treatment  such  as  drugs'  administered  individually  or 
in  sequence,  drugs  plus  radiation,  or  drugs  plus  immunotherapy  could  be  evalu- 
ated to  yield  quantitative  data  on  the  sequence  of  toxic  effects  related  to 
therapy  and  the  kinetics  of  recovery  of  the  host  and  tumor.  Laboratory  studies 
on  well-defined  solid  tumor  models  can  yield  quantitative  data  concerning  the 
time  sequence  of  host  toxicity  related  to  therapy  and  the  kinetics  of  host  and 
tumor  cells.  Studies  on  the  correlation  between  animal  models  and  the  patient 
may  provide  improved  regimens  for  management  of  solid  tumors  in  humans. 

A  potentially  useful  screening  model,  the  murine  neuroblastoma  CI  300,  has  been 
developed  (Finkelstein  et  al.,  1975)  for  neuroblastoma  in  children.  Histo- 
pathologic, electron  microscopic,  and  chemical  studies  demonstrated  the  pres- 
ence of  catecholamines  in  this  tumor.   Its  biological  properties  and  enzyme 
content  suggested  that  the  CI  300  tumor  model  possessed  many  specific  biochemical 
features  of  human  neuroblastoma.  The  cellular  kinetics  of  the  murine  model, 
particularly  its  shorter  DNA  synthesis  time,  may  explain  the  lack  of  activity 
of  cell  cycle-specific  agents.   It  appears  to  be  preferentially  sensitive  to 
mitotic  phase-nonspecific  drugs.  A  favorable  response  rate  is  also  seen  in 
children  with  metastatic  neuroblastoma  treated  with  a  combination  of  two  cell 
cycle-nonspecific  drugs,  cyclophosphamide  and  imidazole  carboxamide,  plus  vin- 
cristine. The  sensitivity  of  murine  neuroblastoma  to  specific  chemotherapeutic 
agents  and  its  unique  biologic  characteristics  emphasize  the  need  for  further 
evaluation  of  the  C1300  as  a  laboratory  model  for  corresponding  neural  neo- 
plasms in  the  human. 

Cyclic  CMP  (Cytidine  3' 5' -monophosphate)  -  Isolation,  Biological  Function  and 
Significance: 

The  presence  of  cyclic  CMP  was  recently  demonstrated  in  mammalian  cells  (Bloch, 
1974).  Specifically,  the  cyclic  nucleotide  was  found  in  relatively  high  con- 
centration in  leukemia  L1210  cells  and  in  regenerating  rat  liver;  the  concen- 
tration in  regenerating  liver  was  approximately  100  times  that  in  normal  liver. 
Urine  samples  from  untreated  patients  with  leukemia  contained  significant  quan- 
tities of  cyclic  CMP  whereas  the  metabolite  was  absent  from  the  urine  of  control 
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subjects.  Cyclic  CMP  stimulated  the  proliferation  of  leukemia  L1210  which  was 
inhibited  by  cyclic  AMP  and  cyclic  GMP.  These  findings  suggest  a  correlation 
between  rapid  cell  proliferation  and  high  cyclic  CMP  levels  and  provide  a 
rationale  for  use  of  structural  analogs  for  potential  control  of  cell  growth. 
The  presence  of  detectable  amounts  of  cyclic  CMP  exclusively  in  the  urine  of 
leukemic  patients  is  also  of  interest  as.  a  basis  for  development  of  a  possible 
diagnostic  or  prognostic  test.  The  in  vitro  biosynthesis  of  cyclic  CMP  from 
CTP  has  recently  been  demonstrated  (Bloch  et  al . ,  1976). 

Biochemical  Pharmacology  and  Mechanism  of  Action  Studies  on  Selected  Clinical 
Chemotherapeutic  Agents: 

N-Trifluoroacetyladriamycin-14-valerate  (AD  32),  a  semisynthetic  analog  of 
adriamycin,  exhibits  significantly  greater  antitumor  activity  than  does  adria- 
mycin  or  daunorubicin  in  two  experimental  mouse  tumor  systems  under  similar 
assay  conditions  (Israel  et  al . ,  1975).  The  compound  inhibits  the  growth  of 
cells  in  culture  and  produces  a  highly  significant  antitumor  effect  against 
two  mouse  leukemias  in  vivo.  According  to  prevailing  theory,  the  basic  glyco- 
sidic  amino  group  must  be  free  for  expression  of  biological  activity  by  the 
antitumor  anthracycline  antibiotics.  In  AD  32  the  amino  group  is  no  longer 
basic,  having  been  converted  to  an  amide.  In  view  of  this,  the  superior  exper- 
imental therapeutic  effect  of  AD  32  over  adriamycin  represents  a  unique  obser- 
vation. Toxicological  advantage  of  AD  32  was  evidenced  by  its  optimal  dose 
range,  which  is  significantly  greater  than  the  lethal  dose  of  adriamycin  in 
mice,  and  by  its  lack  of  delayed  toxicity.  Therapeutically  effective  dose 
levels  of  AD  32  are  10  to  15  times  greater  than  the  optimal  dose  of  adriamycin 
on  a  weight  basis.  The  very  high  percentage  of  long-term  survivors  with  high 
doses  of  AD  32  suggests  that  this  analog  does  not  produce  delayed  toxicity  in 
the  mouse.  -  Myocardial  degeneration,  which  is  a  limiting  factor  in  the  clini- 
cal use  of  adriamycin,  was  not  seen  with  AD  32  in  this  study;  further  evalua- 
tion for  possible  cardiotoxicity  is  planned.  Analogs  of  adriamycin  with 
greater  therapeutic  efficacy  and  less  toxicity  than  the  parent  antibiotic  would 
be  of  interest  from  the  standpoint  of  clinical  treatment  of  leukemias,  lymphs 
omas,  breast  cancer,  soft  tissue  sarcomas,  and  bone  cancers. 

Maytansine,  a  novel  ansa  macrolide  isolated  from  various  Maytenus  species,  is 
an  antitumor  agent  that  significantly  inhibits  mouse  P-388  lymphocytic  leuke- 
mia in  dosages  of  micrograms  per  kilogram  of  body  weight,  and  is  active  over  a 
50-  to  100-fold  dosage  range.  Maytansine  also  shows  significant  inhibitory 
activity  against  the  L1210  mouse  leukemia,  the  Lewis  lung  carcinoma,  and  the 
B-16  melanocarcinoma  murine  tumor  systems.  At  present,  Maytansine  is  undergo- 
ing Phase  I  study  for  its  potential  therapeutic  and  toxicologic  effects  in 
clinical  trials.  Maytansine  irreversibly  inhibits  cell  division  in  eggs  of 
sea  urchins  and  clams.  It  causes  the  disappearance  of  a  mitotic  apparatus  or 
prevents  one  from  forming  if  added  at  early  stages  (Remillard  et  al . ,  1975). 
Maytansine  does  not  affect  formation  of  the  mitotic  organizing  center  but  does 
inhibit  in  vitro  polymerization  of  tubulin.  Although  maytansine  and  vincris- 
tine inhibit  in  vitro  polymerization  of  tubulin  at  about  the  same  concentra- 
tions, vincristine  is  about  100  times  less  effective  as  an  inhibitor  of  cleav- 
age in  marine  eggs.  Further  detailed  studies  on  the  mechanism  of  action  of 
this  compound  are  in  progress. 


95 


Potential  Role  of  Ergot  Alkaloids  in  Prevention  and  Therapy  of  Breast  Cancer: 
Several  ergot  alkaloids  and  ergoline  derivatives  appear  to  mimic  the  activity 
of  the  hypothalamic-prolactin  inhibitory  factor  (PIF).  They  appear  to  be 
relatively  specific  for  prolactin  and  are  efficacious  inhibitors  of  the  secre- 
tion of  this  hormone  in  mice,  rats,  domestic  animals,  and  in  the  human  as  well. 
Administration  of  these  drugs  to  rats  bearing  carcinogen-induced  mammary  car- 
cinomas results  in  a  prompt  regression  of  tumors.  Chronic  treatment  of  a  high 
breast  cancer  strain  of  mice  with  ergoline  compounds  virtually  prevents  the 
subsequent  development  of  spontaneous  breast  cancers.  Treated  mice,  totally 
free  of  palpable  breast  cancers,  appear  to  be  normal  in  every  respect.  From 
the  results  of  these  studies  (Welsch,  1976)  and  others,  it  appears  that  pro- 
lactin plays  a  key  role  in  murine  breast  carcinogenesis.  An  important  question 
is  whether  or  not  prolactin  has  an  influential  role  in  the  development  of  human 
breast  cancers.  A  series  of  studies  demonstrates  that  at  least  15?^  of  human 
breast  cancers  respond  to  the  in  vitro  growth  stimulatory  effects  (increased 
DNA  synthesis)  of  prolactin.   If  prolactin  can  definitively  be  shown  to  be 
important  in  the  development  and  growth  of  normal ,  precancerous  or  cancerous 
breast  tissues  in  humans,  as  it  is  in  rodents,  then  prophylaxis  or  chemothera- 
peutic  control  of  the  disease  by  appropriate  drug-mediated  hormone  suppression 
may  be  feasible. 
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PROJECTIONS 

This  section  outlines  research  in  progress  for  clinical  application  or  for  a 
better  understanding  of  the  mechanism  of  action  of  new  chemotherapeutic  agents. 
The  study  of  selectivity  of  drug  action  has  long-range  implications  and  is 
imaginative  in  its  goals.  The  development  of  precise  methods  for  identifica- 
tion of  specific  cell  functions  and  kinetic  aspects  of  cell  proliferation  pro- 
motes direct  application  to  studies  of  the  selective  effects  of  anticancer 
agents. 

Chronobiological  Approach  to  Cancer  Chemotherapy: 

The  existence  of  circadian  fluctuation  in  host  toxicity  is  well  established 
from  work  in  chronopharmacology.  Responsiveness  and  sensitivity  to  drugs 
fluctuate  significantly  from  one  time  of  day  to  another.  One  study  has  been 
gathering  data  systematically  and  in  sufficient  quantity  to  demonstrate  the 
profound  effect  of  timed  drug  treatment  on  the  experimental  animal .  The  study 
has  been  able  to  relate  for  the  first  time  in  a  systematic  manner  the  drug 
resistance-susceptibility  rhythm  to  a  physiologic  variable  such  as  that  seen 
in  bone  marrow  and  gut  epithelium,  as  well  as  in  a  number  of  other  organs, 
especially  as  it  relates  to  DNA  synthesis  in  normal  and  tumor-bearing  animals. 
Such  experimental  data  are  a  necessary  step  to  the  concept  of  cancer  chrono- 
chemotherapy  in  humans.  The  study  plans  to  identify  susceptibility-resistance 
rhythms  to  several  clinically  effective  drugs  in  current  regimens.  The  demon- 
stration that  rhythms  in  DNA  synthesis  in  certain  organs  and  tissues  could  be 
synchronized  to  dosage  schedules  might  ultimately  prove  to  be  important  as  a 
practical  way  of  synchronizing  the  same  rhythms  prior  to  clinical  radiotherapy 
or  chemotherapy. 

Toxin  Conjugates  as  Potential  Inhibitors: 

It  has  been  demonstrated  that  a  mushroom  toxin  at  low  concentrations  specifi- 
cally inhibits  mammalian  RNA  polymerase  II.  A  current  study  proposes  to  syn- 
thesize and  characterize  the  conjugates  of  macromolecules  and  to  use  the  con- 
jugates as  probes  to  study  molecular  mechanisms  of  antibody  production,  hormone 
action  and  mitogenesis.  By  studying  toxin-peptide  hormone  conjugates  and  by 
the  subsequent  study  of  the  specific  inhibitory  potential  of  these,  this  re- 
search may  contribute  significantly  to  a  re-evaluation  and  elucidation  of  the 
mechanisms  by  which  peptide  hormones  interact  with  specific  cells.  Conjugates 
with  steroid  hormones  are  also  anticipated.  Since  the  steroids  are  specifi- 
cally recognized,  taken  up,  and  transported  to  the  nucleus  of  specific  receptor 
cells,  it  may  prove  possible  to  kill  specific  target  cells  using  steroids  as 
toxin  carriers. 

Aberrant  Gene  Expression  During  Chemotherapy: 

An  enzyme  necessary  for  metabolism  of  certain  drugs  has  been  detected  in  T 
lymphocytes  but  not  in  B  lymphocytes  following  blast  transformation.  This 
suggested  the  possibility  of  using  chemical  inducers  to  activate  the  genes  for 
specific  enzymes  in  tumors  prior  to  chemotherapy,  thereby  enhancing  the  thera- 
peutic response.  The  possibility  of  preconditioning  a  tumor  so  that  it  is 
more  sensitive  to  chemotherapy  is  a  novel  and  important  strategy,  and  one  study 
has  provided  evidence  for  a  differential  change  following  therapy  with  a  cyti- 
dine  analog.  The  results  obtained  with  changes  in  levels  of  glucocorticoid 
receptor  are  more  difficult  to  interpret,  but  it  is  of  interest  that  these 
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serial  changes  have  been  observed  during  in   vivo  emergence  of  tumor  resistance 
to  corticosteroids.  An  in-depth  study  of  the  adult  and  embryonic  isozymes  in 
neoplastic  cells  and  of  the  changes  in  isozymic  profiles  in  animal  tumors  fol- 
lowing treatment  with  antimetabolite  therapy  may  lead  to  preconditioning  pro- 
cedures to  alter  resistant  tumors  into  a  more  susceptible  form. 

Studies  on  Treatment  of  Cancer  Dissemination  and  Metastases: 
One  group  of  researchers  has  found  that  5-iodo-deoxyuridine  possesses  signifi- 
cant anti-metastatic  activity  in  mice  bearing  the  Lewis  lung  (3LL)  tumor.  The 
drug  is  well  tolerated  and  not  directly  cytotoxic.  Treatment  with  drugs  fol- 
lowed by  surgery  of  the  clinically  detectable  primary  tumor  reduces  the  number 
of  metastases  to  15"  of  controls.  Clear  synergism  was  observed  when  two  immu- 
nostimulants  having  complementary  modes  of  action  were  combined  in  the  3LL 
system.   Further  studies  should  provide  a  greater  knowledge  of  basic  biological 
aspects  of  the  complex  problem  of  cancer  dissemination  and  metastasis  and 
should  lead  to  the  characterization  of  new  combined  modalities  of  treatment  of 
metastasis  formation  for  more  effective  clinical  care  of  patients. 

Future  Program  Emphasis: 

A  major  problem  in  taking  maximum  advantage  of  cell  growth  characteristics  is 
that  currently  known  techniques  are  limited  in  their  applicability  to  an  indi- 
vidual patient  or  to  a  specific  tumor.  They  cannot  provide  a  quick  estimate 
of  the  cell  kinetic  status  of  tumors  under  treatment,  especially  solid  tumors. 
The  differences  in  response  between  susceptible  and  resistant  tumors  emphasize 
the  importance  of  other  factors  associated  with  pharmacokinetics,  drug  meta- 
bolism, distribution,  and  cell  uptake.  This  area  of  research  will  receive 
greater  emphasis  since  it  takes  advantage  of  cell  characteristics  other  than 
the  simple  proliferative  parameters,  and  tends  to  bypass  some  of  the  limita- 
tions of  therapeutic  approaches  based  on  existing  rationales. 

Remarkable  advances  have  been  reported  recently  in  our  understanding  of  the 
biochemical  events  within  the  cell  at  the  molecular  level  during  proliferative 
stages.  There  is  a  close  relationship  between  such  processes  and  the  rationale 
for  the  design  and  application  of  chemicals  for  effective  control  of  cancer. 
Observations  concerning  the  RNA-dependent  DNA  polymerase  appear  to  be  particu- 
larly promising  in  this  respect.   Evidence  has  been  obtained  that  there  are  RNA 
sequences  in  human  leukemias  and  sarcomas  which  are  homologous  to  the  RNA  in 
mouse  leukemia  virus,  and  sequences  in  human  mammary  tumors  which  are   homolo- 
gous to  mouse  mammary  tumor  virus.   It  has  been  postulated  that  reverse  trans- 
criptase is  necessary  for  infection  and  transformation  of  cells  by  RNA  tumor 
viruses.   If  the  polymerase  activity  is  essential  for  maintenance  of  the  trans- 
formed state,  there  exists  a  rationale  and  a  basis  for  selective  chemotherapy. 
Relapse  after  a  remission  may  be  caused  by  re-infection  or  re-induction  of  new 
normal  cells.  Hence,  compounds  which  inhibit  reverse  transcriptase  would  be 
of  value  in  therapy.  Compounds  known  to  be  inhibitory  for  polymerases,  e.g., 
rifampicins  and  streptovaricins,  are   of  particular  interest.  Severa".  other 
groups  of  compounds  have  been  identified  which  appear  to  have  the  desired 
characteristics. 

Increased  understanding  of  the  role  of  chemical  structure  in  the  inhibition  of 
RNA  viral  DNA  polymerases,  viral  multiplication,  and  tumor  growth  has  focused 
interest  on  the  synthesis  of  antiviral  agents  for  antitumor  testing.  One  area 
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of  prime  synthetic  and  biochemical  interest  concerns  analogs  of  daunomycin, 
adriamycin,  tilorone,  and  distamycin  A.  The  existence  of  enzymes  which  cata- 
lyze RNA-directed  DNA  synthesis  suggests  the  possibility  that  studies  with 
specific  inhibitors  of  such  enzymes  may  ultimately  lead  to  the  design  of  clin- 
ically useful  anticancer  agents. 

Another  area  of  prime  significance  is  prevention  of  cancer  cell  dissemination; 
to  achieve  this  goal,  it  is  necessary  to  determine  the  relative  importance  of 
the  various  components  of  the  metastatic  process.  An  experimental  therapeutic 
model  in  mice  implanted  with  Lewis  lung  carcinoma  has  been  developed  which 
serves  as  a  basis  for  the  selection  of  drugs  effective  in  retarding  or  prevent- 
ing the  spread  of  tumor  cells  from  the  primary  sites.  The  concept  has  been 
advanced  that  a  form  of  limited  disseminated  intravascular  coagulopathy  may  be 
produced  by  metastasizing  tumor  cells  in  order  to  facilitate  and  promote  their 
ability  to  colonize  within  other  organs.  Additional  studies  will  involve  vari- 
ous therapeutic  attempts  to  interfere  with  the  process  of  metastasis  formation 
by  combination  surgery  and/or  chemotherapy  with  or  without  anticoagulant  ther- 
apy. 

Future  program  emphasis  in  the  Drug  Development  Program  will  relate  specifi- 
cally to  development  of  new  modes  of  treatment  of  solid  tumors.  Major  limita- 
tions to  chemotherapy  in  this  group  of  tumors  are  (1)  permanently  resistant 
variant  cells,  and  (2)  resting  tumor  cell  resistance  that  is  not  inherent  or 
necessarily  permanent.  Both  types  of  resistance  are  most  frequently  encountered 
in  a  relatively  large,  slow-growing  tumor  mass.  A  third  limitation  to  chemo- 
therapy is  that  tumor  cells,  because  of  their  anatomic  placement,  frequently 
receive  less  than  average  drug  exposure  because  of  the  'sanctuary'  problem; 
e.g.,  chemotherapy  of  intracranial  central  nervous  system  tumors  depends  on  the 
capacity  of  the  drug  to  cross  the  blood-brain  barrier.  Further  research  must 
be  directed  toward  an  understanding  of  the  mechanisms  of  resistance  and  sus- 
ceptibility, particularly  with  respect  to  establishment  of  laboratory  techni- 
ques, in  vitro  or  in  vivo,  for  identification  of  the  most  effective  chemother- 
apeutic  agents  for  a  specific  type  of  resistant  tumor. 

OTHER  ACTIVITIES 

During  the  past  year,  the  Drug  Development  Program  supported  an  International 
Conference  on  the  Rational  Synthesis  of  Chemotherapeutic  Agents.  This  confer- 
ence, held  in  Milan,  brought  together  scientists  from  the  fields  of  chemistry, 
biochemistry,  molecular  biology,  and  biology  to  exchange  ideas  on  prospectives 
in  the  field  of  cancer  chemotherapy  and  to  explore  new  approaches  in  the  area 
of  search  for  rational  synthesis  of  new  anticancer  compounds. 

This  year,  the  Drug  Development  Program  will  also  provide  support  for  the  1976 
Gordon  Research  Conference  on  Cancer.  The  conference  topic  will  be  Basic 
Science  and  Chemotherapy.  The  topics  will  cover  discussions  on  current  research 
on  cellular  properties  pertaining  to  action  of  chemotherapeutic  agents,  mode  of 
action,  design  of  antineoplastic  drugs,  and  clinical  applications  of  chemother- 
apy. 
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The  Drug  Development  Program  maintains  liaison  with  all  related  programs  within 
the  Division  of  Cancer  Research  Resources  and  Centers,  and  with  other  National 
Cancer  Institute  divisions.  Activities  of  the  grant-supported  program  are  co- 
ordinated with  contract-supported  collaborative  activities  of  the  Drug  Research 
and  Development  segment  of  the  Division  of  Cancer  Treatment.  Special  cogni- 
zance is  maintained  of  program  efforts  supported  by  the  two  funding  mechanisms 
to  assure  coordination  of  total  research  effort  in  the  Treatment  Thrust.  Thus, 
the  investigator-initiated,  peer-reviewed  research  segment  remains  a  separate, 
but  contiguous  part  of  the  total  drug  evaluation  chemotherapy  research  at  the 
National  Cancer  Institute. 

A  notable  feature  of  drug  development  is  the  interplay  and  blend  of  empiricism 
and  rational  approach  based  on  theoretical  science.  This  applies  to  the  dis- 
covery and  application  of  new  therapeutic  agents.  Theoretical  science  has  made 
many  contributions  to  the  rapid  and  continuing  improvement  in  the  way  in  which 
drugs  can  be  used  more  effectively.  Considerations  such  as  the  basis  for  sel- 
ective toxicity,  the  increasing  influence  of  pharmacokinetics,  the  explanation 
of  species  variations  in  drug  metabolism,  structure-activity  correlations  for 
drug  efficacy  and  for  drug  toxicity,  and  the  understanding  of  cell  kinetics  in 
terms  of  its  molecular  biology  must  remain  the  principal  targets  of  investiga- 
tion by  scientists  in  cancer  research. 
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RADIATION  PROGRAM 

Francis  J.  Mahoney,  Ph.D.,  Program  Director 
for  Radiation  Biology  and  Physics 

Ralph  M.  Scott,  M.D.,  Program  Director  for 
Radiation  Therapy 

HISTORY  AND  CONTENT  OF  PROGRAM 

The  Radiation  Program  emerged  as  an  identifiable  entity  in  the  National  Cancer 
Institute  in  the  1960's,  and  the  program  has  maintained  a  steady  rate  of  growth. 
Since  1972,  when  a  second  program  director  was  added,  the  program  has  been 
jointly  administered  by  a  permanent  Program  Director  for  Radiation  Biology  and 
Physics  and  by  a  rotating  Program  Director  for  Radiation  Therapy.  The  latter 
role  is  customarily  filled  by  a  Radiation  Therapist  on  sabbatical  leave  from  an 
academic  position.  The  current  Program  Director  is  on  leave  from  the  Univer- 
sity of  Louisville. 

In  FY  1976  the  overall  program  budget  is  about  $29  million,  split  into  three 
approximately  equal  portions  for  traditional  research  grants  (primarily  radia- 
tion biology),  specialized  Radiation  Research  Centers  (basic  and  clinical),  and 
High  LET  (linear  energy  transfer)  Radiation  Research  Centers.  These  latter  two 
areas  were  selected  for  emphasis  at  the  beginning  of  this  decade  and  have  been 
developing  well.  The  High  LET  Center  support  doubled  each  year  over  the  period 
1972-1975.  In  1976  this  rate  understandably  slowed  down  but  still  remains  con- 
siderable. 


RESEARCH  ACCOMPLISHMENTS 

Clearly  the  most  exciting  and  potentially  the  most  promising  work  in  radiation 
therapy  research  today  is  in  the  High  LET  area.  Currently  the  NCI  is  support- 
ing, within  the  United  States,  four  programs  aimed  at  a  randomized  clinical 
trial  of  fast  neutrons,  one  for  pions  and  one  for  heavy  ions. 

The  four  neutron  efforts  are  at:  (a)  the  University  of  Washington-Seattle 
(Parker  et  al . ,  1975);  (b)  Texas  A&M  in  conjunction  with  the  M.D.  Anderson 
Hospital  (Hussey  et  al.,  1975);  (c)  the  Naval  Research  Laboratory  in  conjunc- 
tion with  George  Washington  University  (Rogers,  1975);  and  (d)  the  National 
Accelerator  Laboratory  outside  Chicago.  At  the  first  three  of  these  institu- 
tions observations  have  been  made  on  tumor  responses  and  normal  tissue  toler- 
ance in  over  500  patients.  Phase  I  trials  on  a  variety  of  human  cancers  will 
continue  concurrent  with  studies  on  normal  tissue  tolerances,  optimum  doses, 
and  patterns  of  treatment  application.  Cooperative  clinical  trials  on  head  and 
neck  cancer,  glioblastoma  multiforme,  and  carcinoma  of  the  uterine  cervix  are 
scheduled  to  commence  in  FY  1976  and  FY  1977. 

Preclinical  work  is  underway  with  pions  at  Los  Alamos  Scientific  Laboratory  in 
conjunction  with  the  University  of  New  Mexico  (Kligerman  et  al . ,  1975)  and  with 
heavy  ions  at  the  Lawrence  Berkeley  Laboratory  of  the  University  of  California 
(Raju  et  al.,  1976).  Randomized  clinical  trials  are  still  a  few  years  away. 
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Proton  beam  therapy  at  the  Harvard  Cyclotron  in  conjunction  with  the  Massachu- 
setts General  Hospital  is  currently  in  the  preclinical  trial  stage  (Robertson 
et  al.,  1975).  ^ 

Correlated  basic  research  programs  in  physics  and  radiobiology  to  support  the 
clinically  oriented  studies  are  being  promoted.  Medically  dedicated  accelera- 
tors for  placement  in  research-oriented  medical  centers  are  being  developed. 
The  clinical  assessment  of  fast  neutron  therapy  is  being  intensified  through 
the  addition  of  new  programs  and  increased  support  (where  performance  justi- 
fies) of  existing  ones. 

Clinical  trials  using  proton  irradiation,  helium  ion  irradiation,  and  pi  meson  " 
irradiation  are  being  mounted.  More  intensive,  long-term  commitment  of  admin- 
istrative and  financial  support  for  the  particle  therapy  research  program  is 
being  sought. 

In  radiation  research  involving  conventional  photon  radiation,  interest  in  the 
past  few  years  has  greatly  increased  in  the  combination  of  hyperthermia  and  ra- 
diation (Harisiadis  et  al . ,  1975).   In  some  circles  it  is  being  called  the 
"poor  man's  High  LET  radiation"  since  some  postulated  underlying  mechanisms  are 
similar. 

Other  areas  of  combined  modality  research  include  radiation  and  surgery,  radia- 
tion and  chemotherapy,  and  radiation  and  immunotherapy. 

Studies  combining  surgical  irradiation  include  the  use  of: 

1.  Pre-operative,  post-operative,  or  intra-operative  (interstitial  therapy) 
irradiation;  m 

2.  Surgery  or  irradiation  alone  for  the  primary  and  irradiation  or  surgery    ^ 
for  lymph  node  metastases; 

3.  Less  than  conventional  surgery  followed  by  irradiation  for  residual  sub- 
clinical disease; 

4.  Surgical  staging  procedures  done  prior  to  irradiation. 

In  Radiation-Chemotherapy  studies  the  use  of  new  drugs  and  their  sequencing 
with  radiation  therapy  is  a  subject  of  intense  study.  Since  metastatic  disease 
is  the  major  cause  of  death  from  cancer  its  control  is  a  great  challenge.  Com- 
bination chemo-radiation  therapy  offers  a  possible  solution  to  at  least  part 
of  this  challenge.  Control  of  local  regional  disease  may  be  enhanced  as  well. 
Late  effects  of  these  combinations  also  require  elucidation.  The  use  of  drugs 
as  radiation  sensitizers  or  potentiators  (Kal  et  al . ,  1975)  is  in  this  same 
general  area  of  research. 

Studies  in  combined  radiation  therapy  and  immunotherapy  have  been  undertaken.   ^ 
Milas  et  al.  (1975  a,b)  and  Suit  et  al.  (1975)  have  employed  C.  parvum  and  C.   % 
granulosum  as  adjuvants  to  irradiation  of  murine  fibrosarcomas.  Systemic 
treatment  with  these  organisms  greatly  augmented  the  therapeutic  effectiveness 
of  local  irradiation,  in  particular  when  given  prior  to  irradiation.  The  in- 
cidence of  pulmonary  metastases  was  less  in  the  animals  receiving  the  adjuvant 
immunotherapy. 
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PROJECTIONS 

In  the  traditional  research  grant  portion  of  the  Radiation  Program,  a  moderate  ^ 
rate  of  growth  is  anticipated,  comparable  to  that  of  the  past  six  years.  This  ♦ 
projection  would  have  to  be  markedly  revised  upward  should  the  U.S.  Energy 
Research  and  Development  Agency  (formerly,  Atomic  Energy  Commission)  heavily 
cut  back  on  the  excellent  radiation  biology  and  physics  work  it  has  supported 
for  many  years. 

Moderate  growth  is  also  anticipated  in  the  Radiation  Research  Center  portion 

of  the  program,  resulting  in  one  or  two  additional  centers  (basic  or  clinical 

per  year.  The  size  of  the  field  is  such  that  this  projection  can  be  made  wit  % 
considerable  confidence. 

In  the  High  LET  Radiation  Center  portion  of  the  program,  it  is  quite  difficul 
to  make  such  a  confident  prediction.  This  uncertain  state  of  affairs  results 
from  the  great  promise  of  research  in  this  area  and  the  great  cost  of  such 
research.  Present  estimates  project  a  cost  of  approximately  $250  million  for 
High  LET  radiation  over  the  next  ten  years.  This  sum  would  allow  development 
of  optimized  equipment  for  randomized  clinical  trials  of  neutrons,  protons, 
pions,  and  heavy  ions  and  for  execution  of  such  trials  after  selection  of  abc 
four  centers  for  each  of  these  different  particles  (except  neutrons,  which  he 
already  entered  into  clinical  trials  at  five  centers  funded  by  NCI).  The  jus 
tification  of  such  large  expenditures  rests  on  the  expected  potential  of  sucl^ 
radiations  to  save  upwards  of  60,000  lives  yearly. 

OTHER  ACTIVITIES 

In  addition  to  funding  research  and  development  efforts,  the  Radiation  Progrc  [ 
engages  in  various  other  activities  aimed  at  promoting  and  stimulating  radia-  I 
tion  research. 

In  April  1975,  an  International  Symposium  on  Cancer  Therapy  by  Hyperthermia  < 
Radiation  was  held  in  Washington,  D.C.  in  conjunction  with  the  American  Coll( 
of  Radiology  (ACR)  and  the  University  of  Maryland  School  of  Medicine.  More 
than  100  people  attended  and,  as  a  direct  result,  there  has  been  a  very  noti( 
able  increase  in  the  number  and  quality  of  applications  to  the  NCI  in  this  at 
This  has  been  our  most  successful  effort  in  stimulating  research  in  an  area 
which  clearly  was  in  need  of  such  stimulation. 

In  October  1975,  a  meeting  was  held  in  Key  Biscayne,  Florida,  on  Recent  Prog' 
in  High  LET  Radiation  Therapy.  This  meeting  was  jointly  sponsored  with  the  , 
and  was  by  invitation  only.   It  served  as  a  prelude  to  the  International  Con 
ence  on  Particles  and  Radiation  Therapy  to  be  held  in  Berkeley,  California,    ' 
September  1976.  This  latter  meeting  is  open  to  the  general  public;  300-400 
attendees  are  expected. 

The  Radiation  Program  has  available  to  it  an  unofficial  advisory  group  (the 
Committee  on  Radiation  Oncology  Studies)  comprised  of  eminent  radiation  biol 
gists,  physicists,  and  therapists.  This  group,  which  receives  grant  support, 
initiates  projects  it  considers  important  to  the  Radiation  Program  and  responds 
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to  specific  requests  for  assistance.  The  major  effort  of  the  CROS  in  FY  1976 
has  been  formulation  of  what  is  called  the  Research  Plan;  this  is  a  review  of 
the  state  of  radiation  research,  which  contains  recommendations  for  direction 
of  future  progress.  This  document,  which  will  be  updated  periodically,  will 
prove  invaluable  in  the  years  to  come  as  guidance  for  the  Radiation  Program  as 
well  as  for  potential  grantees. 
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CANCER  CENTERS  BRANCH 

William  L.  Roberson,  M.D.,  Chief 

HISTORY  AND  PROGRAM  ACCOMPLISHMENTS 

In  response  to  the  need  for  new  knowledge  through  scientific  research  and  rapid 
translation  of  the  findings  into  coordinated  care  for  cancer  patients,  the 
National  Cancer  Institute  (NCI)  activated  in  1961  a  Cancer  Research  Centers 
Program.  This  program  was  designed  to  provide  grants  for  the  support  and  devel- 
opment of  cancer  complexes  which  could  engage  in  clinical  and  basic  research, 
discover  ways  to  improve  the  diagnosis  and  treatment  of  cancer  patients,  train 
an  effective  cancer  cadre  for  the  future,  and  hasten  the  upgrading  of  cancer 
care  in  surrounding  areas.  Cancer  centers  have  increased  significantly  in  num- 
ber during  the  present  decade  and  diversified  in  function  according  to  needs 
and  the  special  facilities  and  personnel  available  in  differing  areas  of  the 
country.  In  recent  years,  there  has  been  increasing  emphasis  on  centers  of 
broad  scope  which  could  provide  a  comprehensive,  multidisciplinary  attack  upon 
cancer  problems.  The  National  Cancer  Act  of  1971  and  the  National  Cancer  Act 
Amendments  of  1974  gave  further  stimulus  to  this  trend  by  providing  for  the 
establishment  of  additional  cancer  centers.  Because  they  serve  as  foci  for  a 
variety  of  high  priority  thrusts  in  the  attack  upon  cancer,  these  centers  have 
assumed  an  increasingly  important  and  visible  role  in  the  intensified  strategy 
of  the  National  Cancer  Program. 

In  April  1973,  the  Special  Programs  Branch,  which  had  administered  cancer  cen- 
ter activities,  was  abolished  and  the  Cancer  Centers  Branch  established.  Dur- 
ing the  present  fiscal  year,  1976,  there  have  been  additional  organizational 
changes.  The  Cancer  Centers  Branch  is  currently  one  of  the  three  branches  of 
the  Centers  and  Treatment  Program  and  its  function  is  to  develop,  direct  and 
administer  a  program  of  exploratory  grants  and  core  support  grants  for  compre- 
hensive and"  specialized  cancer  centers;  evaluate  the  effectiveness  of  the  Can- 
cer Centers  Program;  identify  as  components  of  center  programs  the  cancer- 
related  basic  and  clinical  projects  in  the  Biological  Research  Program  and  the 
Diagnosis  and  Treatment  Branch;  coordinate  branch  activities  with  related  activ- 
ities in  other  Divisions  of  the  Institute;  review  and  present  grant  applications 
and  provide  special  reports  as  required  to  the  National  Cancer  Advisory  Board; 
and  maintain  liaison  with  appropriate  Federal  and  non-Federal  organizations, 
institutions,  and  scientists. 

Guidelines  for  Cancer  Centers  were  developed  during  1972  with  advice  from  the 
National  Cancer  Advisory  Board  and  the  President's  Cancer  Panel.  These  guide- 
lines, published  in  1973,  outline  the  procedures  to  be  followed  in  the  estab- 
lishment of  Cancer  Centers  and  describe  the  characteristics  of  Comprehensive 
and  Specialized  Centers.  The  guidelines  were  revised  this  fiscal  year   (1976) 
to  include  an  emphasis  on  the  Cancer  Center  Support  (Core)  Grant.  The  purpose 
of  a  Core  grant  is  to  provide  a  mechanism  to  support  those  elements  of  a  cancer 
center  that  are  required  for  the  planning,  development  evaluation,  administra- 
tion, and  maintenance  of  an  active  and  unified  cancer  center  in  order  to  con- 
solidate and  focus  cajicer-related  activities  in  a  single  administrative  and 
programmatic  structure.  Through  this  mechanism,  support  may  be  provided  which 
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can  contribute  to  the  stability  of  the  center,  to  administrative  and  program- 
matic control  of  center  activities,  and  to  fiscal  accountability  and  respon- 
sibility. ^ 

The  Core  grant  provides  support  for  professional  staff,  centralized  services 
and  resources,  and  shared  equipment  and  developmental  projects.  Day-to-day 
research  and  component  cancer  center  functions  are  funded  through  other  fund- 
ing mechanisms;  e.g.,  research  project  grants,  education  grants,  and  contracts, 
as  well  as  non-NIH  sources  of  support. 

Proposals  for  Core  grants  undergo  competitive  scientific  and  technical  peer  ^ 
review.  An  important  criterion  is  a  record  of  cancer  activities  of  high  qualiW 
and  an  administrative  organization  that  will  promote  and  conduct  a  concentrated 
attack  on  the  cancer  problem. 

In  FY  1976,  42  Core  grants  were  awarded,  for  approximately  $36.1  million.   In- 
cluded are  five  new  grants;  six  renewal  grants;  ten  supplemental  grants;  and 
31  continuation  grants.  The  total  amount  of  Core  support  requested  for  compet- 
ing grants  in  FY  1976  totaled  $26  million,  and  $13.2  million  was  recommended  by 
the  NCAB.  Because  of  the  very  heavy  workload  it  was  necessary  for  Center  Branch 
staff  to  assist  in  the  review  process,  including  organizing  site  visits,  serving 
as  executive  secretary,  and  preparing  summary  statements. 

Exploratory  Grants,  sometimes  referred  to  as  planning  grants,  have  been  utilized 
by  the  NCI  since  FY  1966.  The  majority  of  these  applications  have  been  stimula- 
ted by  NCI  staff,  especially  in  the  early  years.  They  d,r^   peer  reviewed  by  a 
Special  Review  Committee  and  a  site  visit  is  almost  always  made  as  a  part  of  the 
review  process.   Exploratory  Grants  include  support  for  planning  new  cancer  ceiW 
ters,  expansions,  And  modification  or  strengthening  of  existing  centers.  Grant" 
funds  are  not  limited  to  cancer  center  activities  but  may  be  used  for  the  plan- 
ning of  a  number  of  cancer  programs,  facilities,  or  resources.  This  has  been 
especially  true  in  the  field  of  radiation  oncology.  Feasibility  studies  are 
included  in  the  concept  of  planning  but  may  not  be  used  to  provide  preliminary 
research  data  for  research  grant  applications.  Exploratory  Grants  allow  an  in- 
stitution to  do  a  careful  analysis  of  the  various  alternatives  available  to 
develop  a  cancer  program  consistent  with  local  needs  and  organizational  struc- 
tures as  well  as  to  contribute  to  the  goals  of  the  National  Cancer  Program.  In 
FY  1976,  the  Centers  Program  awarded  34  Exploratory  Grants  at  approximately 
$2.7  million  in  total  costs.  These  figures  include  continuation,  new,  renewal, 
and  supplemental  grants.  Exploratory  Grant  applications  requesting  $4.3  million 
were  reviewed,  resulting  in  26  applications  being  recommended  for  approval  at 
$2.9  million  in  total  costs. 

PROJECTIONS  C 

Cancer  Centers  which  have  beer  receiving  support  through  one  or  more  large  Cen- 
ter Grants  ("Umbrella")  have  been  requested  to  separate  their  programs  into 
Core  plus  an  appropriate  number  of  clinical  and/or  basic  program  projects  and 
regular  research  projects.  This  will  allow  for  a  more  thorough  review  of  all 
components  and  better  fiscal  accountability.  The  conversion  process  should  be 
completed  by  the  end  of  the  1976  calendar  year.  The  administration  of  clinical 
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program  project  research  grants  is  now  the  responsibility  of  the  Diagnosis  and 
Treatment  Branch.  Basic  science  program  project  research  grants  are  adminis- 
tered by  the  appropriate  scientists  in  the  Biological  Research  Program.  As  a 
result,  relatively  little  actual  research  will  be  funded  from  the  Core  Grants. 
That  research  which  is  supported  will  be  limited  to  developmental  projects. 

Developmental  or  "seed"  funds  will  provide  the  center  flexibility  in  develop- 
ing new  programs  or  strengthening  existing  programs  to  correct  areas  of  weak- 
ness within  the  center.  Requests  for  funds  in  this  area  should  be  documented 
in  the  grant  application.  These  funds  may  be  used  for  the  inauguration  of  new 
projects  by  providing  salary  support  for  recruiting  promising  investigators 
and  other  professional  personnel,  together  with  the  appropriate  personnel, 
equipment,  supplies,  or  hospital  costs  needed  to  begin  their  work.  Such  new 
projects  must  be  described  in  detail.  Investigators  receiving  support  in  this 
manner  are  required  to  seek  support  for  continuation  of  these  developmental 
projects  through  the  usual  competitive  funding  mechanisms.  Core  Grant  funds 
may  not  be  used  for  more  than  three  years  for  any  one  developmental  project. 

OTHER  ACTIVITIES 

One  of  the  characteristics  of  a  Comprehensive  Cancer  Center  as  determined  by 
the  National  Cancer  Advisory  Board  is  the  maintenance  of  a  statistical  base  for 
evaluation  of  the  results  of  its  program  activities.  NCI  staff  is  continuing 
to  work  with  the  Centers  in  this  regard.  The  first  meeting  of  Epidemiology- 
Statistical  (Epi-Stat)  Directors  was  held  in  October  1975,  in  Philadelphia. 
The  meeting  was  funded  by  an  NCI  conference  grant  and  was  attended  by  repre- 
sentatives from  the  17  comprehensive  centers.  In  addition  to  the  Epi-Stat  Dir- 
ectors, there  were  in  attendance  a  number  of  statisticians,  epidemiologists, 
and  computer  specialists  -  all  involved  in  the  development  of  the  data  needs  of 
the  centers.  The  conference  was  successful  to  the  extent  that  the  attendees 
elected  to  organize  and  probably  will  meet  annually  if  funds  are  available. 
Also,  the  following  committees  were  formed:  Evaluation  Methodology,  Data  Base 
Needs  and  Definitions,  Quality  of  Life  Measurement,  Collaborative  and  Etiologic 
Studies,  and  Epidemiological,  Statistical,  and  Computer  Training.  The  Commit- 
tees intend  to  exchange  information  and  ideas  and  have  final  reports  available 
in  October  1976. 

A  major  activity  of  the  Epi-Stat  Directors  during  the  past  year  has  been  the 
development  of  the  necessary  means  to  supply  the  data  designed  to  meet  the  needs 
of  the  International  Cancer  Research  Data  Bank  (ICRDB)  Program  as  well  as  the 
minimal  needs  of  the  centers  themselves.  The  data  reporting  system  that  is 
developed  will  be  designed  to  be  compatible  with  the  NCI  Surveillance,  Epidem- 
iology and  End  Results  (SEER)  System. 
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CANCER  RESEARCH  FACILITIES  CONSTRUCTION  PROGRAM 

Donald  G.  Fox,  Ph.D.,  Chief 

HISTORY  AND  CONTENT  OF  PROGRAM 

The  Cancer  Research  Facilities  Construction  Program  was  initiated  in  late  Sep- 
tember 1971  with  a  public  announcement  of  the  availability  of  limited  grant 
funds  to  create  additional  cancer  research  facilities.  The  essence  of  this 
announcement  is  set  forth  in  the  following  paragraph: 

In  accordance  with  the  President's  call  for  an  expanded,  in- 
tensified, and  coordinated  cancer  research  program,  and  under 
authority  provided  by  the  Congress  in  the  fiscal  year  1972 
appropriation  act,  the  National  Cancer  Institute  is  initia- 
ting a  program  of  grant-supported  construction  of  cancer  re- 
search facilities.  The  intent  of  this  program  is  to  create 
new  physical  resources  for  cancer  research  through  Federal 
participation  in  the  cost  of  new  construction  and  renovation. 
Support  may  be  provided  for  the  construction  of  facilities 
such  as  basic  research  laboratories;  clinical  research  facil- 
ities; animal  facilities;  and  basic  associated  core,  adminis- 
trative, laboratory  and  service  space.  In  all  instances,  the 
facilities  proposed  must  be  intended  for  expansion  of  cancer 
research  for  at  least  20  years.  A  purpose  of  this  program, 
in  addition  to  strengthening  research  capabilities  at  exis- 
ting cancer  centers,  is  to  develop  new  strong  multidisciplin- 
ary  cancer  efforts  in  regions  of  the  country  where  they  do  not 
exist.  Thus,  in  the  consideration  of  applications  some  atten- 
tion will  be  given  to  geographical  distribution  as  well  as  to 
the  relation  of  proposed  construction  to  existing  centers  of 
excellent  cancer  research. 

Justification  of  construction  funds  has  been,  and  will  continue  to  be,  in  terms 
of  new  cancer  research  programs  and  safe  facilities  for  accomplishing  biohaz- 
ardous  cancer  research.  The  primary  review  and  evaluation  of  applications  has 
been  essentially  scientific,  considering  such  matters  as  scientific  merit  of 
the  proposed  program(s),  the  technical  competence  of  the  applicant  institution 
staff,  the  intellectual  environment  of  the  applicant  institution,  and  its  scien- 
tific, fiscal,  and  administrative  capabilities.  In  addition,  other  criteria 
have  been  considered,  such  as  the  geographical  location  of  the  applicant  insti- 
tution, the  applicant  institution  performing  an  essential  role  in  the  National 
Cancer  Program,  the  promptness  with  which  construction  can  be  started,  space 
requested  commensurate  with  projected  program  scope,  essential  minimal  facili- 
ties for  those  institutions  with  an  undeveloped  cancer  research  program,  net 
space  utilization  of  60  percent  or  more,  reasonable  cost  per  gross  square  foot, 
acceptable  design  criteria,  etc. 

During  the  first  three  quarters  of  FY  1976,  17  construction  grant  applications 
were  approved  by  the  National  Cancer  Advisory  Board  in  November  and  March. 
Seven  of  these  projects  were  also  recommended  for  funding  at  the  November 


111 


meeting:  Massachusetts  Institute  of  Technology,  State  University  of  New  York 
(Stonybrook) ,  Memorial  Hospital,  Sloan-Kettering  Institute,  University  of 
Hawaii,  Rockefeller  University,  and  Harvard  University.  In  addition,  a  supp'A 
mental  funding  request  from  the  Sidney  Farber  Cancer  Center  was  approved  for- 
payment.  Five  projects  were  recommended  for  funding  at  the  March  meeting: 
University  of  Michigan,  University  of  Wisconsin  (2),  Northwestern  University, 
and  the  Fred  Hutchinson  Cancer  Research  Center.  In  addition,  supplemental 
funding  requests  from  the  Albert  Einstein  College  of  Medicine  and  The  Johns 
Hopkins  University  were  approved. 

By  the  end  of  this  year,  $158,686,000  will  have  been  awarded  under  the  Cancer^ 
Construction  Grant  Program  since  its  beginning  in  FY  1972,  $20  million  durint' 
FY  1976. 


RECENT  ACCOMPLISHMENTS 

1.  Issuance  of  Construction  Regulations  in  the  Federal  Register.  The  issu- 
ance of  our  regulations  by  this  formal  procedure  required  the  review  and 
approval  of  all  Federal  Agencies  and  of  interested  non-Federal  groups. 

2.  Publication  of  a  technical  handbook  to  describe  the  detailed  architectural 
and  engineering  requirements  of  cancer  research  facilities.  The  handbook 
draws  together  all  of  the  scattered  requirements  including  new  require- 
ments in  biohazard  containment,  energy  conservation,  and  earthquake  resis- 
tance. The  handbook  serves  as  NCI's  major  input  to  the  Grantee's  design 
team. 

3.  Of  the  67  construction  grants  awarded,  32  projects  are  under  construction 
and  ten  others  have  been  completed.  ^ 
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